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Comparative tests prove tremendous savings in maintenance time. Operation records 


show increased efficiency, greatest case in opening and closing the valves—and 
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3 Methods of preventing evaporation loss 








































PRESSURE STORAGE— This method of reducing evap- for Hortonspheroids is from 24% to 100 lbs. for capacitix 
oration losses makes use of storage tanks that are able to from 2,000 to 40,000 bbls. and from 21% to 20 Ibs. for noded 
withstand the changes of pressure developed under storage spheroids from 20,000 to 120,000 bbls. 
poste oh =~ — as - pressure in tank — Hortonspheres are used for storing and handling butane, 
excee ; se ‘ ere ; ; , 
ROOOE 0 FES VES SE, BO Ce Wee Sacape ae “ volatile refinery stocks, and the more volatile grades of nai- 
will be no evaporation loss. al sian Shin ee i aia ace ial, 
We fabricate and erect four types of pressure storage — —s ine. Snes pula In stander — 1€s ) 
tanks—Hemispheroids, Hortonspheroids, Hortonspheres and 25,000 Ibs. for pressures up to 90 Ibs. = oe 
ylindrical pressure tanks. smaller capacities for pressures as high as 200 lbs. 
Hemispheroids are built for working pressures of 21 lbs. Cylindrical pressure tanks are recommended for storing 
n capacities up to 30,000 bbls. and 5 lbs. per sq. in. for highly volatile hydrocarbons like propane and are built for 
apacities up to 7,500 bbls. The range of working pressures working pressures as high as 250 lbs. per sq. 
G 
. ee er . —_ E] 
ELIMINATION OF VAPOR SPACE—The elimination of TEMPORARY VAPOR STORAGE—This method pro 
vapor space in a flat-bottom storage tank is accomplished by facilities for storing temporarily the additional vapor vol 0 
stalling a Horton Floating Roof on the tank. Since it floats caused by breathing or unbalanced pumping. Horton Vapord 
directly on the liquid, there is no air-vapor mixture under the roof. Roofs, Vaporspheres, and Lifter Roofs are used for this purp P 
\s a result, evaporation losses are decreased, the fire hazard is Vapordome Roofs and Lifter Roofs are installed directly 
ced and there is less corrosion on the underside of the roof. flat-bottom tanks to serve one or more tanks. The Vaporsp| H 
Horton Floating Roofs are available in three designs .. . is a separate vapor storage unit interconnected with one 
DOUBLE-DECK, PONTOON, and PAN. more tanks. ] 
C 
[here are bulletins available which describe the three methods and the various Horton tanks in more detail. Write our nearest office for then 
T 
F 
I 
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4bove: Two Hortonspheres 
and two Hortonspheroids used 
for storing volatile hydrocarbons 


at a cycling plant in Oklahoma. 


Left: Gasoline storage tank 
equipped with a Horton Double- 
Deck Floating Roof at a_ pipe 
line terminal in Florida. This 
view shows very clearly that the 
roof floats on the liquid in the 


tank. 


Right: 20,000-bbl. gasoline 
storage tank equipped with a 
Horton Vapordome Roof at a 


transport terminal in Texas. 
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lL. is perhaps well to remind our readers that this is the Reference Annual 
Number of The Petroleum Engineer. As such, it is devoted exclusively to a se- 
lected list of articles from the best in the petroleum literature published during 
the last twelve months. Our editors find that the matter of selection becomes 
more difficult with each passing year. Advancements in the different branches 
of the petroleum industry range from extremely practical to the highly techni- 
cal. As might be expected, they are quite diversified and cover a broad field. 
Evidence of the pace of progress in the development of processes and practices 
is the voluminous output of petroleum literature in recent years. This is not 
surprising in view of the fact that many of the operations of the petroleum 
industry are becoming highly specialized. Such specialization demands that 
great care and consideration be exercised in the choice articles for their ref- 


erence value. 


Because of the fact that the petroleum literature is expanding at an in- 
ordinately rapid rate, the number of reference articles that can be included each 
year becomes an increasingly smaller proportion of the total articles available 
for publication. Nevertheless, it should be repeated that all articles have been 
selected for inclusion in this issue principally because of their potential ref- 
erence value to our readers, particularly those that do not have access to papers 


of leading technical societies, associations, or other groups. 


An effort has been made to include as many articles as possible containing 
information of the type that will foster greater economy and efficiency, two 


factors that have been given great weight in selecting the articles for this 





issue. In so doing, readers in the operating branches of the industry, it is hoped, 
will be aided in keeping abreast of developments in the branch of the industry 


in which they are interested. 
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DATA ON IMPORTANT OIL 


FIELDS OF THE UNITED STATES 


























‘aah Taint 
Gravity roduc- verage 
Field County Producing formation | °API | tive acres Fk al 
| (feet) 
TEXAS (Contd.) | 
R. R. Com. Dist 7B 
AN? Brown. .... ......| Pen, Miss, Ord. | 27.0-42.0 8,670 
ane Callahan... ... Per to Ord...... | 26.0-40.0 | 6,410 
ie eaee: Coleman. ... Per, Pen, Ord. .... .......| 28.0-43.0 10,080 
Tae Eastland, Er ath. Pen, Miss, Ord... .....| 33.0-42.0 19,480 _ 
ty Fisher. Per, Pen. . errr eS kL 4,785 
ei ae Jones......... Per, Pen...................|35.0-43.0} 16,085 
pha aes Shackelford. i err 14,895 
eee Stephens............... Per tor... 6... cos oases pe 49,620 
ieee 0) re POP, POR... oo. abcess as «| ee 2,690 
duces Throckmorton... ... Pen, Miss. .| 34.0-41.0 | 2,700 
R. R. Com. Dist. 7C 
DS ee ReOA@AN. ... 60 ces Ellenburger Dole; Ord... .... | 44.0 560 75 
Big Lake and Big Queen, San Andres, Clear Fork, | 
PAwO' OR... 605. NIE io0s Mieke Sciacca Ellenburger 3 er | 37.0-44. 0 5,000 | 60; 100 
McCamey.......... Upton, Crane Grayburg, San Andres; Per...; 28.0 | 20,000 40 
Todd, Deep....... ...... Crockett... 2.0... 6. Strawn; Pen. Ellenburger; Ord.) 42.0 | 2,000 88 
ee Croexett.....6..... Grayburg, San Andres; Per...| 29.0 3,660 25 
| } 
R. R. Com. Dist. 8 
Abell Ord... . 2... Pecos. . . ee Simpson, gaa Ord....| 42.0 | | 3,348 30 
Cedar Lake... ... eet. .........5.. San Andres; Per. | 33.0 © | 2,320 160 
Cowden Crane...... Crane... . WBMGNOTEO. 20... 20. | 28.0 | 1,819 10; 60 
Cowden (North)....| Eetor............ San Andres, Clear Fork; Per. | 32.0 | 27,000 | 40; 200 
Cowden (North deep)| Eetor........... Clear Fork; Per. Sram 08 ae 37.0 | 640 20; 40 
Cowden (South).....]| Eetor....... San Andres; Ree ce es 34.0 | 3,908 | 42; 225 
Saree Winkler. ... Yates, Seven Rivers; Per..... 26.0 | 920 20 
Embar Ellen. Andrews........ Ellenburger; Ord............ | 45.0 2,230 | 223; 85 
[TS eee Andrews....... San Andres: Per...........5. | 34.0 1,900 25: 90 
Emperor... .... Winkler.......... Yates; Per.................. | 32.0 2,200 45 
OS eee LS re San Andres; Per.......... > 2d 20,000 42; 85 
Fuhrman Mascho...| Andrews........ San Andres: Per........... ..| 380.0 11,800 20; 60 
Pullerton.......... Andrews... . Clear Fork, Tubb; Per ..| 48.0 40,000 | 100; 285 
Fullerton ‘8,500 ft’’.| Andrews... . Devonian. IN nn” os AiG | 40.0 2,000 125 
LO aS ener ans OS Se eee eee San Andres; Per. ..| 29.0 2,040 20 
Goldsmith.......... Betor......... San Andres; Per............- | 36.0 26,000 60 
err . Se San Andres; Per............. | 36.0 4,500 | 20; 75 
Henderson... . i eee Whitehorse, Holt......... | 29.0 2,000 | 30; 100 
Hendrick........... OS Seven Rivers; Per........... i 28.0 9,950 300 
| Howard Glasseoek . . .| Howard, Glasscock ..| Yates, Sewen Rivers, Gray- 
| | burg, San Andres........... 27 .0-41.0 15,000 2d; 50 
latan, Mast Howard.| Howard, Mitchell. ..| Grayourg: Per.......... | om 8,320 | 20; 200 
ee er | Jae .| San Andres; Per.............| 34.0 7,500 25 
Jordan 5 oth MINE ice 9 ose ..| San Andres; Per............ | 32.0 7,500 | 20; 150 
Kermit.............} Winkler. . _.| Yates Sand; Per... 27 0 11,520 | 40; 200 
Keystone Colby... .. Winkler. ..... .| Whitehorse; Per............. 28 .0-35.0 9. 500 | 22; 170 
Keystone Fllen......| Winkler........ scall Ellenburger; Ord. . 43.0 — 750 
| Keystone Holt... ... Winkler......... Holt; Per. 39.0 3,400 50 
Keystone Lime......| Winkler... ....... | San Andres; Per............. | 36.0 3,000 | 150 
| Mabee. . ., Martin, Andrews. . . | Grasyburg: Per... os... sc | 31.0 7,000 50 
McElroy. . ..| Andrews. ..... -| Grayburg: Per... ...00 666 su. | 20.0 16,000 | 150 
H IMNRANS a. acc cvdvsiearacens | Crane, Upton. | San Andres; Per........ |} 30.0 | 9,000 50 
Penwell . Soe. a _| San Andres; Per........ a ~- | 6,000 | 30; 100 
| Sand Hills Tubb. . | Crame..... .| Clear Fork; Per.......... za0 | 10,000 | 40; 150 
Searborough. . | Winkler... | Yates Sand; Per............. 30.0 | 1,500 10; 75 
Seminole. . | Gaines..... San Andres; Per............. 35.0 13,320 | 90; 175 
Shipley AN AMIRI 55 a Ys arb ea pid | Seven Rivers, Queer Bee were 35.0 | 5,560 60; 30 
Slaughter ..| Coehran, Hockley, Terry.| San Andres; Per............. 32.0 82,000 32; 75 
eee eee | Yates, Queen, San Andres; Per 29.0 3,000 25 
Toborg ae et Fe OO ae ee dene TLOMOtE, “LTINIGY .... 5.5] 19.0 3,200 | 15 
pe ee ae | re | ee rr ey 40.0 6,400 | 175 
T.X.L. Ellenburger. .} Eeton | Ellenburger; Ord... 43.0 5,000 200 
WI csc chs BNR c: 5. ss shea sch ana | Clear Fork; Per... 43.0 | 960 150 
BC: 7 ae ere | San Andres; Per. 35.0 | 5,160 150 
Ward, North Estes. | Ward, Winkler:......... Yates Sand; Per. 34.5 16,990 40 
Ward (South). ...... ie ere | Seven Rivers; MeN rie, 32.0 15,000 75 
Wasson (inel 66 & 72)| Gaines, Yokum.........| Clear Fork, San Andres; Per. 34.0 | 62,000 250 
\ CU ae Pe SO | San Andres; Per............. 33.0 1,800 45 
| Weatbrook..........| Mifehell............. .| Clear Fork; Per............. 25.0 4,400 100 
| Wheat . 5 ) 0 ee ek 38.0 | 4,680 20 
Yates (inel Yates | 
Smith Sand). .| Pecos... | San Andres, Yates; Per...... 30.0 23,900 | 200 
R. R. Com. Dist. 9 | 
PROMOTE COs CUOUII) <<) CAMORED. occ soc c ew csiv elec s side bu eldlols mow ea wie ets .| 36.0-44.0 | 35,770 - 
_| Hull-Silk-Sikes...... [Eo Se er ee | Strawn; ES 44.0 | 7,500 100 





From The Petroleum Data Book, Second Edition, which carries 750 pages of information on the petroleum industry. 
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(Continued) 
—— oe ee 
| 
| Year Gravity 
No. | discovered | Field County Producing formation “API 
| R. R. Com. Dist. 3 | TEXAS (Contd.) 
(Contd.) 
34 | 1903, 34 | Batson maeel and 
Deep). . Hardin Cap, Mio; Olig .| 24.0-38 
35 1934 Bay C ity. | Matagorda Frio; Olig.... 35.5 
36 1942 Bay City, North... .| Matagorda Frio; Olig. . 35.0 
37 | 1922 | Big Creek. . | Fort Bend. Mio, Olig. 22.0-42. 
38 1919 Blue Ridge. . , | Fort Bend Mio. Frio: Olig. ; 21.0-38. 
39 1925 Boling..... | Fort Bend, Wharton Cap Rock Frio; Mio, Olig.. 19.0-33. 
40 1938 Cedar Point... | Chambers Frio; Olig, Mio. ..| 28.0-38. 
41 1938 Clear Lake... | Barris... . Frio, Cockfield. .| 26.0-31. 
42 1931 Conroe... .. Montgomery Coekfield; Koc. . .| 35.0-40. 
43 1937 Cotton Lake, South. | Chambers . Frio; Olig. 33.0 
44 1934 Dickenson. . . ...| Galveston Frio; Olig. . 37.0 
45 1940 Dyersdale..... | Harris. | Frio; Olig. 22.0 
46 | 1929, 39 Espe rson (incl South)| Liberty .| Mio, Olig. Ye ua, ‘Cook Mt; 
® Se iiwesiemy ..| 21.0-41. 
47 1938 Fairbanks. . | Harris | Yegua, Catahoula, Marg. 39.0 
48 1927 | Fannett. | Jefferson .| Frio; Olig, Mio ; | 260-38. 
49 1940 | Fig Ridge. Chambers | Frio; Olig. . . | 32.0 
50 | 1935 | Gillock Galveston | Frio; Olig. . . . | 37.0 
51 1907 | Goose Creek. | Harris. | Plio, Mio, Olig .| 20.0-36 
42 1936 Hamman. . | Matagorda | Frio; Olig.... 37.0 
53 | 1929, 34 | Hankamer (New and | 
| Old). Liberty | Frio; Olig, Mio. ..| 18.0-32 
54} 1935 | Hardin Liberty | Frio; Olig. Yegua; Hoe | 37.0-56. 
55 | 1934 | Hastings. . Brazoria Frio; Olig. . . | 30.0 
56 | 1922 | High Isiand Galveston Mio. . ..| 31.0 
57 | 1918 Hull Liberty Cap; Mio, Olig. Yegua, Cook | 
| Mt; Eoe | 17.0-39 
58 | 1904, 28 | Humble (Deep and | 
| | Shallow). Harris | Cap; Mio. Yegua; Koc .| 17.0-45 
59} 1937 | Joes Lake. Tyler | Wilcox Sd; Koc. . .| 40.0-47. 
60 | 19388 | League City Galveston | Frio; Olig. . 40.0 
61 | 1930, 42 | Livingston (all pools 3) Polk i< ‘ockfield ( ‘ook Mt, Wileox; Koc] 40.0 
62 | 1936 | Lochridge. Brazoria | Frio; Olig. . 26.0 
63 | 1933 | Louise.... Wharton | Frio; Olig. . . | 26.0-38 
64 | 1938 Lovells Lake. Jefferson | Frio; Olig 26.0 
65; 1936 | Magnet-Withers (inel 
N. Withers) Wharton Frio; Olig. . . 26.0 
66 | 1931 Manvel... Brazoria | Frio, Marg; Olig, Mio 26.0 
67 | 1908 | Markham... Matagorda Cap; Mio..... 25.0-40. 
68 | 1938,41 | Markham, North | Matagorda | Carlson, League, “Cornelius, 
| Frio, Markham, Braman. . 36.0 
69 1942 Merey San Jacinto Wilcox; Eoc. .. 38.0 
70 | 1936 Nome Jefferson | Marginulina; Olig | 27.0 
a | 1934 Old Ocean | Brazoria Frio; Olig.. .. | 52.0-68 
72 | 19138, 37 | Orange (incl West) Orange Frio; Olig, Mio | 20.0-42 
73 | 1941 Oyster Bayou Chambers Frio; Olig. . 36.0 
74 | 1935 Pickett. Ridge Wharton | Frio; Olig. | 26.0 
75 | 1921 Pierce Junction Harris | Frio, Vie ksburg; Olig, Mio | 21.0-41. 
76} 1929 Port Neches. Orange Frio; Olig, Mio | 25.0 
77} 19389 Port Neches, West Orange Frio; Olig, Mio 38.0 
78 | 1927, 34 | Raceoon Bend Waller, Austin McElroy, Cockfield; Hoe | 26; 33 
79 | 1940 Red Fish Reef (Chambers | Frio; Olig. . . 35.0-57 
80 | 1901 Saratoga Hardin Cap; Mio, Olig | 17 .0-21 
81 | 1936 Seabreeze Chambers Frio; Olig 10.0 
82 | 1936, 38 | Segno (Deep and 
| Shallow) Polk | Wileox, Cockfield; Koc | 36 .0-44 
83 | 1936 Silsbee . Hardin | Cockfield; Koc. 36 0-43 
84 | 1944 | Smith Point Chambers | Frio; Olig. . . | 42.0 
85 | 1902 | Sour Lake. Hardin | Mio, Olig, Koe | 16.0-31. 
86 | 1935 | South Houston | Harris | Frio; Olig. . : | 20.0-25. 
87 | 1925 South Liberty | Liberty | Yegua; Eoe, Mio, Olig | 21.0-47 
88 1901 | Spindletop Jefferson | Cap; Mio. Frio; Olig | 25.0 
89 | 1941 | Stowell Jefferson | Marg, Frio; Olig. . . 35.0 
90 | 1928 Sugarland Ft. Bend | Marg, Frio; Olig, Mio.. | 28 .0-35 
9] | 1931, 39 | Thompson (incl N&S)| Ft. Bend | Frio, Vicksburg; Olig, Mio .| 25.0-43 
92 | 1933. | Tomball | Harris | Cockfield; Koc . .| 37.0-41 
93 | 1935, 34 | Turtle Bay | Chambers Various. . . | 32.0 
94 | 1937 | Webster.. Harris | Frio; Olig. | 30.0 
95 1936 | West Beaumont Jefferson | Mio, Olig | 26.0-34 
96 | 1902, 37 | West Columbia (Old | 
and New) | Brazoria | Frio; Olig, Mio 28 0-30 
R. R. Com. Dist. 4 | 
97 | 1928 Agua Dulce Nueces, Jim Wells Frio; Olig... . | 40.0-60 
98 | 1938 Alice Jim Wells | Frio, Vicks; Olig. | 46.0 
99 | 1936 Aransas Pass | San Patricio .| Frio; Olig.. .| 48.0 
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Estimated 
Produc- Average 
| tive acres | thickness 
| (feet) 
| 
0 650 30 
1,240 25 
800 | 20 
0 300 | 15 
0 300 30 
0 2,000 20 
0 800 40 
0 2,100 30 
0 18,000 30 
00 20 
2,700 20 
1,200 1h 
0 1,600 20 
4,000 20 
0 1,200 | 20; 200 
2,000 55 
| 2,250 15 
0 | 900 10 
1,100 20 
0 690 20 
0 | 2,750 10 
| 5,800 300 
| 800 40) 
0 | 875 | 60 
} / 
0 | 2,200 | 60 
0| 2.000 | 30 
740 | 20 
1,800 | 20 
1,900 | 15 
0 1,600 | 15 
3,200 | 20 
14,920 | 20 
1,800 | 15 
0 500 | 20 
| 
1,350 | 20 
1.680 | 20 
| 800 | 20 
0 10,700 | 200 
0 | 650 | 30;8 
1,400 20 
1,200 15 
0 | 350 15 
| 300 10 
400 | 10) 
| 1.000 | 35 
) 1,800 15 
0 1,000 | 30 
| 700 | 30 
0 | 2,200 | 20 
0 | 1.100 | 20 
| 640 25 
0 | 1,000 | 100 
0 | 640 | 75 
0 | 350 | 60 
| 900 | 50 
3,200 100 
0 | 1,200 | 60 
0 | 6,500 | 25 
0 | 8,900 20 
1,000 | 20 
1,000 | 100 
0 650 5 
0 | 2,030 | 110 
| 
0 5,300 | 30 
1,280 | 14 
6,200 | 9 


From The Pirlbianas Data Book, Second Edition, which carries 750 pages of information on the petroleum indbisaiee. 
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‘ PROPERTIES OF CRUDE OILS PRODUCED IN UNITED STATES 





















































(Continued) (Analyses of Selected Representative Crudes) 
| S. U. | Carbon Gasoline and ne 
State Gravity, Sulfur, Viscosity | residue of ||. 
No. | Field (formation, zone, age) “API | per cent at 100° F, | residuum, | ; 
| seconds | percent | Per cent "API gravity 
| Kansas | 
1 | Bornholdt (Miss. limestone, chat). ..... 34.8 0.62 59 18.0 j 29.2 63.9 
2 |  Burrton (Miss. limestone, chat)........ a2 .5 | 0.56 60 11.2 23.4 | 57.2 
3.| Fairport (Oswald, Lansing lime., Penn.).. 41.5 | 0.33 | 41 | 13.8 38.0 65.0 
| | Geneseo (Arbuckle limestone, Cam.-Ord.) 39.4 | 0.53 40 | 15.4 | 34.0 65.6 
5 | Goodrich (K. C. limestone, Penn.)...... 35.6 | 0.31 45 8.4 27.3 58.9 
6 Gorham (Topeka lime., Shawnee; Penn.) . 36.6 0.50 47 13.3 | 31.7 64.8 
7 | Graber (Hunton limestone, Sil.-Dev.)... 40.4 0.16 | 38 9.5 36.2 61.8 
8 |  Hall-Gurney (K. C. limestone, Penn.).. . 38.8 0.41 42 13.4 | 34.3 62.6 
9 |  Hollow-Nikkel (Miss. limestone, chat.). . 34.0 0.40 | 51 | 8.2 26.6 57.7 
10 | Oxford (Arbuckle lime., Cam.-Ord.)..... 38.0 0.22 39 | 10.6 | 30.7 59.5 
11 Rainbow Bend (Burbank sand, Penn.). . 42.3 | 0.13 37 6.9 36.5 62.1 
12 | Ray (Reagan sand, Cam.)............. - $2.3 0.58 | 70 | 16.7 | 25.6 | 60.8 
13, Raymond (Arbuckle lime., Cam.-Ord.). . 43.0 0.31 36 | 10.0 | 44.7 64.5 
14 Richardson (Arbuckle lime., Cam.-Ord.). 41.5 0.31 38 11.3 | 35.6 61.3 
15 Ritz-Canton (Miss. limestone, chat)... . 37.4 0.50 | 48 13.1 | 32.8 64.5 
16 | Russell (Lansing-K. C. lime., Penn.).... 38.2 0.38 44 12.1 33.4 61.5 
17 | Valley Center (IX. C. lime., Penn.)...... 33.8 0.49 5a 7.8 26.0 59.2 
18 | Wherry (Miss. limestone, chat)......... 38.4 0.61 48 ee 30.7 66.1 
| 
| Louisiana 
| Anse La Butte (Plio. and Mio. sands) . . . 37.8 0.10 38 3.1 28.5 56.4 
2 Black Bayou (Mio. sands)............. 24.9 | 0.18 54 3.5 8.3 53.2 
3 | Bosco (Discorbis sand)................ 37.6 0.10-—- 40 2.1 17.8 54.2 
t | Caddo District (Annona chalk, Cre U.).. 36.0 | 0.22 45 6.8 ‘23.8 52.7 
5 | Cameron Meadows (Mio U. sand)...... 31.5 0.10—- 41 3.9 9.2 49.7 
' 6 Charenton (iio: satid)...... 2... 2.0.5. 36.0 0.10—- 44 Lad 15.7 54.4 
. 7 |  Cheneyville (Cockfield)............... 46.: 0.10 33 6.0 52.8 61.3 
| S| Darrow (Mio. sand)...............:5.- 35.0 0.19 44 5.4 22.5 58.4 
9 | Prath (Mito U. sands)... .......6.5600.6- 52.0 0.10- 32— 2.4 55.4 60.5 
10 | Garden Island (Mio. sand)............ at .8 0.15 40 6.2 31.1 53.7 
\1 | Gibson & Gibson N.E., (Mio U. sands). . 37.4 0.10-— | 43 1.1 12.1 52.5 
12 | Grand Lake (Mio U. sands)............ 32.8 | 0.10 47 3.1 6.7 49.7 
13.| Hackberry, East (L. Marginulina sand, 
ES) eee ee ee renee: 35.0 | 0.26 39 6.3 29.9 56.4 
14 Holly Ridge (Massive sand, Tuse. form., | 
een, da Vs Saw eaants 37.4 | 0.17 44 | Pe | 25.8 60.2 
15 Homer (Nacatoch sand)............... 37.8 | 0.66 45 | 10.8 | 31.0 63.1 
16 | Jeanerette (Mio U. sands)............. 35.6 0.10-—- 44 3.3 | 13.1 51.3 
17 |. Lake Long (Mio U. sands)............. 42.6 0.10— | 35 1.9 31.0 55.7 
18 Lake Salvador (Mio U. sands)......... 35.8 0.13 | 46 4.4 | 14.8 53.7 
19 | Lisbon (Pettit limestone).............. | a2.1 1.10 68 15.9 | 22.2 60.5 
20 | Pine Prairie (Yegua sand, Cockfield | 
RRRRMR OO a 5s vers ae enk we imihen weap legs ie ave 40.9 0.14 38 3.5 | 32.7 59.5 
21 Port Barre (Mio L., Olig., Moe. sands). . 32.8 0.29 46 8.0 | 22.8 | 52.7 
22 Potash (io U.sands). .. 0.0.0... esc 29.5 | 0.37 62 12.6 23.9 | 57.7 
23 Quarantine (Mio U. sands).......... 35.8 0.12 | 44 | 5.3 18.6 53.5 
24 Roanoke (No. 5 sand, Heterostegina, | 
_ 1) aepersps iat 82a 0.10— | 40 | 6.2 29.8 | 55.9 
20 SugO (S100 Th: me.) ..6 06.65 6 sss ences 41.1 0.27 40 9.3 | 33.9 | 62.9 
26 Sugar Creek (Darrett zone, Carter lense) . 34.2 0.94 54 16.0 | 21.6 51.6 
27 Lepetate (Ortemo sand)... ......4..55 41.7 0.13 35 4.9 | 42.4 | 62.3 
28 Ville Platte (Sparta sand). we 40.4 0.11 40 6.8 | 28.8 39.7 
29 White Lake, East (Mio U. sands). | 36.2 0.10 40 1.5 14.0 03.7 
30 Woodlawn (Ms irginulina sand, Mio ‘. > | 38.8 0.10 37 3.3 25.1 54.4 
31 Woodlawn, condensate (Hackberry sand, | 
: OS Fe eile Lae ie) sneat 52.7 0.10 32— 0.8 72:6 57.4 
2 Bwoe (Ones TOGK) soc. sce ea a 41.9 0.16 37 5.4 30.5 56.2 
| 
Montana 
Pondera (Madison lime.) .......... oil 31.9 1.59 52 | 13.3 \| 30.9 | 60.7 
New Mexico | | 
Cooper (Big limestone, Permian)..... al 28.4 sy 62 11.4 20.4 55.4 
2 Langlie (Permian sand)............... 34.8 1.35 | 39 11.5 36.5 53.7 
Loco Hills (Loco sand)............ 20... 36.6 1.02 | 4] | 8.7 36.2 36.2 
i Mattix (Permian sandstone)........... 40.0 1.26 35 | 10.9 43.0 60.8 
Penrose (Permian sandstone). ......... 38.6 0.98 37 | 8.0 38.5 38.9 
: New York | 
: | Richburg (Richburg sand)............. 44.1 | 0.10— | 12 2.0 32.9 62.3 
: Oklahoma . | 
Apache (Wilcox sand, Ord.)..... mee, 38.8 0.38 | 41 is al.3 59.2 
2 Bird Creek (Burgess sand, Penn.)..... . | 37.6 0.16 | 42 5 3 28.9 59.7 
3 Cromwell (Cromwell sand, Penn.). ; 39.8 0.13 39 5.1 35.4 60.8 
! Karlsboro, North (Wileox sand, Ord.). ‘| _ 30.4 0.69 67 | 15.2 i 23.3 | 62.9 





Note: The foregoing analyses are re ntary to those appearing in the 1947 edition of The Petroleum Data Book. 
Source: U. S. Bureau of Mines. 


From The Petroleum Data Book, Second Edition, which carries 750 pages of information on the petroleum industry. 
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I; gives me a great deal of pleasure 
to be able to speak before this group, 
even though my own experience in the 
oil business has not been in the field 
of petroleum production. I would not 
attempt to bring you a technical dis- 
cussion but I would like to sum up the 
worldwide status of oil generally, and 
the prospects for California in par- 
ticular. 

Even though many of you are fa- 
miliar with the facts covered in this 
discussion, I feel that such a summing 
up is vitally important for all of us in 
the oil business. We have come so 
far in the last few years that we 
cannot act intelligently today, or plan 
ahead for tomorrow, without pausing 
periodically to look around. We have 
got to evaluate where we are, remem- 
ber how we got here, and determine 
so far as possible just what there is 
that lies ahead. 

The average American of yesterday 
rarely looked beyond the end of Main 
Street. His concern was the commu- 
nity in which he lived and his interest 
in the rest of the world was governed 
by the extent of his curiosity. Today. 
most thinking Americans realize that 
they are citizens of the world and that 
events in far-off places can involve 
them whether they like it or not. 

The same is true of the oil business. 
Whether it wanted to or not the Amer- 
ican oil industry has become interna- 

+President, Standard Oil Company of Cali- 
fornia. 

*Prepared for delivery before American Pe- 


troleum Institute, Division of Production, Pa- 
cific Coast District, Los Angeles, May 11, 1950. 


Oil Around the World 


T. S. PETERSON* 


tional in scope and effect. And we 
have all got to realize that a new dis- 
covery in some odd corner of the 
globe is no longer just an object of 
curiosity. It is an event that has its 
economic effect on the whole of the 
industry everywhere. 

With this thought in mind it be- 
comes apparent that the oil men in 
California, or any other state, can- 
not afford to ignore what oil is doing 
in every other part of the world. 

Let us therefore take a look at 
where we stand today. The general 
thinking of the people at large sub- 
scribe to the title of a recent edi- 
torial, which appeared in the Wall 
Street Journal. Simple. and short. it 
sums up the general situation with 


these words: “Too Much Oil.” 


Actually, and [| think that you will 
agree with me. this is an oversimpli- 
fication and not necessarily true. Hav- 
ing too much oil is a little bit like hav- 
ing too much money. Unless someone 
is going to take it away from you. 
how can you ever say that you have 
too much money? Or what kind of 
limitation would you want on your 
own bank account? 

Because oil is a trade commodity 
of international flavor. like wheat and 
corn and coffee, the casual observer 
iends to regard its accumulation in 
much the same way. But we know that 
it bears little actual resemblance to 
these other international commodi- 
ties. First. because when agricultural 
products of the soil have piled up to 
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the point where all available storage 
is filled. there is nothing left for the 
rest of it but to burn it, or leave it to 
rot in the fields. In overproduction, 
an agricultural commodity loses much 
of its value, though only temporarily. 
It has only a temporary status anyway 
for when the available supply has been 
used up another good year in the 
wheat fields or the corn belt or in the 
coffee plantations, can grow enough 
to replace that which was consumed. 

Oil, on the other hand, is a world 
commodity that does not have to be 
taken from the land just because the 
harvest season is at hand. It can be 
left in nature’s own storehouse be- 
cause it has been ripe for many mil- 
lions of years already. and a few 
more years won't hurt it any. But the 
big difference, it seems to me, lies in 
the fact that petroleum is NOT re- 
placeable. We can’t count on a good 
erowing year or a few favorable sea- 
sons to replace that which we have 
taken from the earth. 

Therefore it seems a little foolish 
to say that there is “too much oil.” 
Over the long haul and at the ever- 
increasing rate of world consumption 
there actually isn’t enough oil to keep 
us going forever. 

If there’s too much of anything in 
the oil industry. it’s the ability to pro- 
duce. Worldwide, oil production po- 
tential has been built up in the last 
10 years to meet the demands of ab- 
normal conditions. Among these I in- 
clude the unprecedented needs of the 
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civilian and military machines of war, 
and the great postwar surge of con- 
struction and reconstruction. Now we 
have settled back to an era of normal 
growth and the industry worldwide is 
passing through a period of readjust- 
ment. 

The oil needs of every part of the 
world are being met and the industry 
is generally trimming its producing 
sails to satisfy these needs without 
waste. Because there is enough oil 
coming out of the ground to fulfill the 
worldwide demand a competitive mar- 
keting situation has developed that in- 
volves not only individual companies 
but even nations and blocs of nations 
that are geographically grouped to- 
gether. 

This, then, is the world oil situa- 
tion today as expressed in a general 
way. Now, let’s take a closer look at 
the individual parts which make up 
this jigsaw picture of oil around the 
globe. And let’s use a few figures to 
further clarify a picture which is 
somewhat fuzzy when viewed overall. 


Consumption Gains 


Ten years ago the world produced 
and consumed some 5,000,000 bbl of 
oil each day. The United States and 
South America brought enough crude 
out of the ground to supply the needs 
of the Western Hemisphere, and in ad- 
dition supplied most of the oil con- 
sumed in Western Europe. 

Today, world consumption has risen 
to more than 9,000,000 bbl daily. 
Production in the United States and 
South America still is enough to am- 
ply supply Western Hemisphere de- 
mand but much of its market in the 
Eastern Hemisphere is gone. Com- 
pared with 60 per cent in 1938, the 
Western Hemisphere last year sup- 
plied Western Europe with only 35 
per cent of its needs. 

Europe’s rate of consumption has 
risen from 750,000 bbl daily pre-war, 
to more than 1,000,000 bbl a day at 
present. While South America has 
continued to ship about 300.000 bbl 
per day to this foreign market, the 
movement from the United States has 
been reduced during this time from 
250,000 bbl to about 70,000 bbl a day. 
This slack of more than 500,000 bbl 
daily in the European market has 
been taken up by the production 
growth in that part of the world which 
the statesmen term the Middle East. 

The Eastern Hemisphere still is not 
producing and refining enough oil to 
satisfy its own needs, but it has come 
a long way in the last few years. With 
more than half of the world’s proved 
reserves it should continue to depend 
less and less in the future upon the 
production of oil on this and the South 
\merican continent. 
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As to the immediate future, we can 
expect that the next few years will 
see some further reduction in the 
Western Hemisphere’s exports to Eu- 
rope and Asia as Middle East pro- 
duction and transportation facilities 
are augmented and new refining ca- 
pacity is built in Europe. The United 
States has long exported more oil than 
it brought into this country, and it 
will continue to be an important source 
of some refined products. But with 
the growth of production and facili- 
ties outside the U. S. we must expect 
that this country cannot continue its 
traditional exporting role in the face 
of foreign competition. 

The United States has by far the 
largest consumption of petroleum 
products in the world—some 60 per 
cent of the world total. To meet this 
demand of more than 6,000,000 bbl 
daily, we are depleting our reserves 
at a more rapid rate than the Eas‘ern 
portion of the globe. True, we have 
been fairly successful in finding new 
oil reserves — successful enough to 
have increased our known reserves 
each year until in the United States 
they now stand at the highest figure 
in history. But the prospects abroad 
have not been explored to anywhere 
near the extent they have on this side 
of the Atlantic. 

As the Middle East has become a 
more prominent producing area of 
the world in the last few years, you 
may be interested in a brief review 
of operations in that part of the world. 

The major companies operate in an 
area that hangs like a horseshoe over 
the northern portion of the Persian 
Gulf. They are Anglo-Iranin, Arabian 
American, Iraq Petroleum, Kuwait 
Oil, and the Bahrein Petroleum Com- 
pany. In addition, the Neutral Zone 
lying between Kuwait and Saudi 
Arabia has recently attracted two 
smaller American concerns, Pacific 
Western and American Independent. 

Anglo-Iranian holds the concession 
rights to Southwestern Iran where it 
first discovered oil in 1908. Currently 
this company is producing about 600,- 
000 bbl daily, practically all of which 
is processed at the company’s Abadan 
refinery, one of the world’s largest. 
The strength of Midle East fields, such 
as those held by Anglo-Iranian, is in- 
dicated when you realize that this pro- 
duction of more than a half-million 
barrels comes from 8 fields in which 
there are some 80 producing wells. 
Compared with an average rate of 100 
bbl per well in South America and 
only 12 bbl a day for United States 
wells, the average production rate in 
this part of Iran is 7500 bbl per well 
each day! 

A majority interest (53 per cent) 
in this company is held by the British 





government and another 25 per cent 
of the voting power is in the hands of 
the Burmah Oil Company, Ltd. Thus 
Anglo-Iranian is seen to be one of 
the aces in the hand which Great Brit- 
ain holds in the present world oil 
poker game. The pot, of course, is the 
world oil market outside the U. S. 
But that situation is something I'll 
leave for right now until we’ve cov- 
ered the other companies operating 
on the other side of the world. 

Second in importance in the Mid- 
dle East—and its production is not 
very far behind—is the Arabian 
American Oil Company. This com- 
pany, Aramco, is wholly owned by 
four American corporations, and rep- 
resents America’s major holding in 
the prolific Persian Gulf area. 

Aramco’s growth is marked from 
the date of first commercial produc- 
tion in 1938 but the war interfered 
with development of the Saudi Arabian 
fields to a great extent. In fact. Aram- 
co’s real growth has come only in the 
last 5 years for by 1945 its produc- 
tion had been built up only to about 
58.000 bbl daily. Since then it has 
been increased in 1946 to 164,000 
bbl; 1947, 246,000 bbl; 1948, 390.- 
000 bbl, and in 1949 Saudi Arabian 
production averaged 477.000 bbl. 

This is the company pioneered by 
the Standard Oil Company of Cali- 
fornia, which now is owned by Stand- 
ard of California, The Texas Com- 
pany, Standard of New Jersey, and 
Socony-Vacuum. In the 12 years since 
it brought in its first commercial well. 
Aramco has built a refinery at Ras 
Tanura, and also has fostered a sister 
organization, Trans-Arabian Pipe 
Line Company. which now is build- 
ing a 1067-mile pipe line from the 
Saudi Arabian oil fields to the Med- 
iterranean. When completed it will 
be capable of transporting some 300,- 
000 bbl daily. 

Another company of international 
flavor is the Iraq Petroleum Com- 
pany, Limited, which holds a number 
of concessions in Iraq, Syria, Hashe- 
mite Kingdom of Jordan, Israel. and 
along the Trucial Oman coast on the 
Persian Gulf. Although Iraq Petro- 
leum has developed 5 fields, its cur- 
rent production is limited to 2—the 
Kirkuk Field in Iraq, which now is 
producing some 140,000 bbl a day 
and the Dukhan field in Qatar, pro- 
ducing 40,000 bbl daily. As an aside 
from its oil-producing capacities. this 
company has a very interesting back- 
ground. Its antecedants go back to 
the Turkish Petroleum Company, 
formed prior to the First World War 
by the Germans, English, French, and 
Dutch. To this was added an Amer- 
ican flavor when our State Depart- 
ment after the war secured U. S. par- 
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ticipation of 5 American companies. 
These were Jersey, Socony, Gulf, At- 
Janiic, and Pan American Petroleum 
Company. Since then these last named 
three American companies have drop- 
ped out, and Iraq Petroleum now is 
owned by Royal Dutch Shell, Com- 
pagnie Francaise de Petroles, Anglo- 
Iranian, Jersey and Socony, and an 
Armenian gentleman by the name of 
C. S. Gulbenkian, who controls 5 per 
cent of the Iraq group. 

A comparative newcomer in the 
Persian Gulf, so far as production is 
concerned, holds one of the largest, if 
not the largest, single oil field in the 
world. This is the Kuwait Oil Com- 
pany, Ltd., whose reserves in the Bur- 
chan field have been estimated at 
about 11 billion barrels. Although 
Kuwait’s oil operations were practical- 
ly discontinued during the recent war. 
drilling has been greatly accelerated 
there during the last 4 years and pro- 
duction now is running about 275.- 
000 bbl a day. Kuwait is another ex- 
ample of international ownership, 
being equally owned by Anglo-Iran- 
ian and Gulf. Anglo-iranian is re- 
ported to be lifting its share of the 
crude and a substantial part of the 
remainder is sold to Shell under a 
long-term contract. 

These 4 companies, then, are the 
principal producers of the Eastern 
Hemisphere. There is production of 
some 30,000 bbl daily on Bahrein Is- 
land and roughly 200,000 bbl a day 
total in the East Indies. But for the 
most part the major companies in the 
Persian Gulf area control the supply 
of Eastern Hemisphere crude that 
finds its way to the European markets 
and those in the area East of Suez. 


Supply Plentiful 


All of these companies lived more 
or less happily together during recent 
years because they were striving for 
production which would meet the 
Eastern Hemisphere demand for oil. 
But in the last year the petroleum in- 
dustry in this part of the world en- 
tered a new phase. Supplies of crude. 
which had been inadequate in the im- 
mediate post-war years, became plen- 
tiful. For the first time in many years 
there were more than enough sea-go- 
ing tankers and several companies 
were building or planning major pipe 
lines to Mediterranean terminals. But 
while the physical problems of supply 
were being solved — there remained 
only a lack of sufficient refining ca- 
pacity in Western Europe—the prob- 
lem of currency exchange became a 
real headache for those American 
companies operating outside the U.S. 

I think that most of you are at least 
aware of the general situation which 
has come to be known in the nation’s 





“ec 


press as the “sterling-dollar oil con- 
troversy.” In summation, most foreign 
countries are short of dollars and now 
that British-controlled production in 
the Middle East is approaching the 
demand level of a large part of the 
Eastern Hemisphere, dollar oil is being 
forced out of these foreign markets. 

It also is being forced out of many 
markets by the recent British edict 
banning sale of dollar oil in those 
countries whose currency is tied to 
the Bi ©» pound sterling. And this 
is the . ‘f the whole so-called “con- 
troversy The American companies 

those ose foreign production has 
been lawveled “dollar oil” — have a 
justifiable complaint about this dis- 
crimination. Indeed, some opinion 
discounts a large part of the British 
contention that the move was made 
hecause of dollar shortage entirely. 
One might suspect that it has com- 
mercial as well as so-called dollar 
shortage implications and I have 
heard opinions from those who be- 
lieve that the British government is 
using sterling control to gain itself a 
sizable portion of world oil markets. 

This situation is one that has led 
naturally to a great deal of talk re- 
garding oil imports. Segments of our 
\merican industry have become con- 
cerned over the possibility that this 
displaced oil might be diverted to the 
United States. 

And as most of you know, imports 
have been vigorously opposed by 
some of the domestic oil producers of 
the United States. who maintain that 
such imports threaten the very exist- 
ence of the domestic oil industry. 

Right here, and now, I would like 
to state that the Standard Oil Com- 
pany of California is a domestic oil 
company, too, and that we have a 
whole lot more interest and invest- 
ment in our operations in the United 
States than we have in foreign coun- 
tries. Of our company’s total invest- 
ments only 614 per cent are repre- 
sented by investments outside the 
United States. Certainly, we would not 
advocate any import program that we 
felt would be, in the long run, in- 
jurious to the petroleum industry of 
America. We believe that some im- 
ports are a good thing for the welfare 
of this country as a whole, but the 
domestic industry must still be main- 
tained in a healthy and vigorous state, 
as is advocated by the National Pe- 
troleum Council. Imports today may 
be affecting domestic production yet 
they also are providing a_ vitally 
needed cushion against a possible war. 
This cushion is the approximately 1.- 
00,000 bbl of potential daily pro- 
duction, which is being held in under- 
ground storage. I believe that the 
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development of the domestic indus- 
try is not being drastically retarded 
by the imports, which are reducing 
the unratable depletion of America’s 
long-range resources. The continuing 
active exploration program in_ the 
United States, which added one and 
one-half billion barrels to our reserves 
during 1949, is witness to this. And, 
as the Wall Street Journal stated edi- 
torially in a recent issue: 

“If there is any reason to conserve 
our own supply. imports work to that 
end.” 


California Situation 


Let’s now take a look at the overall 
picture of oil in California. During 
the time a few years ago when we 
were pushing all production in this 
state to meet an unprecedented post- 
war demand, there were many who 
saw the import of oil into California 
as a condition that was just around 
the corner. Certainly that picture has 
changed in the last year. The prospect 
of bringing large shipments of crude 
up the coast from South America for 
processing here is still a possibility 
for the future. But it has moved a long 
way into the future. I can’t see it as a 
practical probability during the next 
10 years at least. And beyond that. | 
don’t think anyone can guess or pre- 
dict in this changing world of ours. 

At the present time production of 
crude oil in California has dropped 
back to about 860,000 bbl per day as 
compared with the all-time high of 
953.000 bbl a day reached in Novem- 
ber 1948. Discounting Elk Hills at a 
maximum efficient producing rate 
there is about 130,000 bbl a day shut 
in because we here in California are 
able to produce more crude oil—par- 
ticularly heavy crude—-than we can 
use or sell elsewhere. 

This is a situation that has been the 
result of a number of things and one 
that is not liable to change much 
within the next few years. As to the 
factors responsible, there are several 
and I would like briefly to discuss each 
of them here. 

Number one is the growing diesel- 
ization of Western railroads. The rail- 
road industry began the switchover 
to diesel power only a relatively few 
years ago but already about half of 
the industry work in the West requires 
this type of petroleum fuel. Within 
another 5 years we can expect this 
number to reach 75 per cent, and even- 
tually 90 to 95 per cent of train move- 
ment in this area will be powered by 
diesels. 

The railroads have been making 
this switch for a very good reason- 
it costs them less to operate this type 
of engine. And of course it has devel- 
oped a fine market for the sale of 
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diesel fuel by the petroleum com- 
panies on the Pacific Coast. It has, 
however, also meant the loss of a big 
market for heavy fuel oil. If these en- 
gines burned diesel fuel gallon for 
gallon with the amount of heavy fuel 
oil needed to do the same job then 
the problem would be only that of 
one product displacing another. But 
the modern diesels are so very efficient 
that they can make a gallon of diesel 
fuel do the work of more than four 
gallons of heavy fuel oil. And that’s 
where the rub comes in, and where 
the fuel oil starts to pile up in the 
storage tanks. 


Fuel oil is also in oversupply for 
another reason. This is the import of 
large quantities of natural gas into 
California. At the present time some 
330 million cubic feet of this fuel are 
being brought in from Texas and New 
Mexico every day. Some of it is going 
to householders and this amount isn’t 
materially displacing any oil products. 
But in order to supply these house- 
holders during the peak load months 
of winter, the gas transmission com- 
panies must build big pipe lines. Then. 
when domestic consumer loads de- 
crease in the spring and summer 
months there is more gas available 
than can be sold to these regular cus- 
tomers. The result is that this natural 
gas is sold to the big industrial and 
utility consumers who burn fuel oil 
part of the year and gas during that 
part of the year when they can get it 
at a reduced price. This quantity of 
natural gas, sold to industrial con- 
sumers has also displaced heavy fuel 
oil during a part of the year at least. 

Add to this situation the huge pipe 
line now being constructed to bring 
additional natural gas in northern 
California from Texas and New Mex- 
ico and you can see an even further 
dropping away of the industrial fuel 
oil market. For those of you not fa- 
miliar with this project, the Cali- 
fornia portion of this big line is being 
built by the Pacific Gas and Electric 
Company and will reach from the 
\rizona border to San Francisco Bay. 
It is expected to be in operation by 
November of this year and the initial 
throughput will approximate 150 mil- 
lion cubic feet daily. This figure is 
expected to double within a year, and 
the ultimate capacity of this line prob- 
ably will be 500 million cubic feet a 
day. 

As a rule of thumb measure, 6000 
cu ft of gas has the same heat value 
as a barrel of oil. so that this line 
alone is roughly the equivalent of 
80.000 bbl of oil daily. 

And as long as we're talking about 
natural gas displacing fuel oil as a 
source of domestic and_ industrial 
heat. we may as well look into the fu- 
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ture in the Northwest. That part of 
the Pacific Coast always has been the 
stronghold of burner oil sales. Now 
oil in this area is faced with competi- 
tion from the tremendous gas fields 
of Southwestern Canada. Several com- 
panies are competing for the favor of 
the Canadian government, each seek- 
ing permission to build a pipe line to 
the Puget Sound area. This line could 
conceivably be completed within the 
next two years and would bring with 
it an estimated import of natural gas 
at the rate of 200 million cubic feet 
a day. 

Two other factors that must be con- 
sidered are the partial loss of the Pa- 
cific export markets and the decrease 
in shipping from Pacific Coast ports. 
With appreciably less ship movement 
from the harbors of this coastline has 
come a corresponding drop in sales 
of heavy fuel oil to the ships which 
formerly bunkered here. This is a 
maritime problem which has _ been 
with us since the end of the war and 
for which there appears to be no early 
solution. The loss of some export 
sales to the Far East, which includes 
shipments of crude oil, can be at- 
tributed to the increased competition 
from Middle East oil and the growing 
production in the East Indies. 

All of these things are on the minus 
side of the oil production and sales 
picture for the Pacific Coast. On the 
plus side, we have two factors that 
have contributed to increased demand 
in this area during the last 10 years. 
Of first importance is the economic 
growth of this area as indicated by 
a swelling population. Second is the 
factor that not only are more people 
using oil products but with an advanc- 
ing standard of living the same people 
are using more oil. A recent survey 
indicates that 6.2 per cent of all Amer- 
ican car-owning families now possess 
two or more automobiles. In 1948 
only 4.8 per cent owned more than 
one car. Another indicative estimate 
places the automobile population of 
the U. S. at 42 million by 1955 and 
45 million by 1958. 

We cannot look forward to the tre- 
mendous rush of people to the coast 
which was brought on by the war and 
the immediate post-war years of popu- 
lation readjustment. But we can look 
forward to a continued steady growth. 
Part of this will be the result of immi- 
gration of people from the East and 
Middle West. And part of it will be 
the result of a current trend to higher 
birth rates. It will be a long time. how- 
ever. before the oil product demand 
srowth tied to population increase 
catches up with this state’s ability to 
produce crude oil. And it will be an 
even longer time if our discoveries of 
new fields such as Cuyama Valley 


continue at anywhere near the same 
rate they have followed in the past. 
As you well know, all the oil in Cali- 
fornia hasn’t been found yet and | 
can see no lessening of the general 
rise of petroleum reserves as reported 
by the API in the last few years. 

With all of this in mind and look- 
ing into the foreseeable future, you 
can see that the problem in the West 
is not whether we have sufficient crude 
oil supply. Rather, our big problem is 
in the field of converting more of this 
crude into the type of products for 
which there is a substantial market 
and a good price. 


A number of oil companies on the 
Pacific Coast already have made plans 
in this direction and some have ac- 
tually begun conversion of refining 
facilities to turn out a larger percent- 
age of high-use products such as gas- 
oline and diesel fuel. This trend un- 
doubtedly will continue because Cali- 
fornia refiners cannot continue to 
turn out heavy fuel oil for which there 
is a diminishing market and they must 
meet the needs of a growing consumer 
market for such products as gasoline. 

Thus, in summation, I would ob- 
serve that in California we have en- 
tered an era of stabilization in which 
the petroleum industry must adjust 
itself to shifting demands for prod- 
ucts. It is an era in which the present 
potential oil production of the state 
plus future discoveries is ample to 
care for the foreseeable needs of the 
Pacific Coast area that California 
supplies. 

Worldwide, the potential also is 
enough to meet present demands and 
take care of normal growth and the 
problem here is the fight of foreign 
oil—both dollar and sterling—for the 
available foreign sales. 

There are difficulties. both here and 
throughout the world, which I have 
outlined for you. But none of them 
are insurmountable difficulties, to be 
regarded as threatening the future of 
either oil) men or oil companies. 
Rather, they are the manifestations of 
problems which result from the nor- 
mal workings of the economic law of 
supply and demand and which can 
be met by the adjustment of the in- 
dustry to this inevitable law. 

As I mentioned in the beginning. 
we in California can no longer afford 
to confine our understanding to oil 
production in this state. We have 
come to realize that we are a part of 
an international industry dealing with 
an international commodity and_ it 
will require the efforts of all of us to 
bring about this industry’s adjust- 
ment so that it reflects most favorably 
on the interests of the United States. 
which is our primary interest after 
all. x *% * 
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Pathfinding in Fuels and Engines’ 


T HIRTY years ago gasoline to most 
automotive engineers was simply a 
liquid that came in a red can. At that 
time Harry L. Horning was one of the 
few men who had the insight to recog- 
nize the importance of fuels in rela- 
tion to the design and the behavior of 
engines. He played a major part in 
initiating research on the subject, and 
during his lifetime in helping to con- 
duct it — notably the cooperative re- 
search that in the years since has been 
such a big factor in advancing the 
understanding of fuels and the more 
nearly perfect fitting of fuels and en- 
vines. It was to aid in forwarding that 
cause still further that the Horning 
Memorial Award was established by 
Mrs. Horning. 

The Horning Memorial lecture by 
C. B. Veal. presented at the annual 
meeting four vears ago, was devoted 
to the history and philosophy of co- 
operative research (1). In that lecture 
Veal said this: “A topic becomes ripe 
for cooperative research (only) when 
a certain level of common knowledge 
concerning it has been reached.” It 
has therefore appeared to me that this 
lecture might with profit be devoted 
to the pioneering stages of research 
that must precede the cooperative 
phase. 

As it happens. I have had for many 
years a ringside seat at a pathfinding 
program of fuel and engine researches. 
This research, began in 1916 by 
Charles F. Kettering and continued 
under his direction until his retire- 
ment in 1947, is still in progress. It 
has been thought that an account of 
that program of its gropings, its 
failures, and its successes—might be 
of interest. Also, it might possibly 
assist to some slight degree in further- 
ing “the art of mutual fuel and engine 
adaptation,” particularly in helping 
to suggest how far from finished re- 
search in the field sti'l is today. Many 
persons have contributed to the re- 
searches to be reported, although at 
no time was the group a large one. 

It was in a very humble way that 
the long research began. The place 
was an old building that had been a 


*Presented at the 1950 SAE Annual Meeting, 
Pook-Cadillac Hotel, Detroit, Michigan, Janu- 
ary 11, 1950. 

+Research Laboratories Division, General 
Motors Corporation. 


T. A. BOYD? 


tobacco warehouse. The first effort 
was to find out something about 
knock. Just a few years earlier knock 
had begun to appear in automobile en- 
gines. 1t came when the production of 
gasoline was boosted to meet an in- 
creasing demand, thus lowering its 
volatility and reducing its freedom 
from knock. The prevalence of knock 
then had been used by some in an ef- 
fort to discredit battery ignition, a 
fundamental part of electric self-start- 
ing, which was new at the time. Spark 
knock it was called. Knock had also 
forced a low compression ratio on 
the engine of a home lighting set de- 
developed to run on kerosine. Ever 
since the beginning of this program 
of research the effort has related 
chiefly to the bugbear of knock, which 
is the greatest shortcoming of gasoline 
as an engine fuel. 

The very first thing done was to 
put an optical indicator on a one- 
cylinder, aircooled engine. That in- 
strument was one made in England 
and previously secured for such pos- 
sible use. The effort was to see what 
could be learned about knock, which 
at the time was commonly supposed 
to be caused by preignition. A beaver- 
board enclosure was built around the 
little engine. In that way a sufficient 
degree of darkness was attained to use 
an optical indicator. 

The first picture of pressure events 
in the engine cylinder was obtained 
by a very improvised method. The in- 
dicator was supplemented by two 
pieces of lath, two shingle nails, and a 
tomato can. Out of those parts a film 
drum was made that could be rotated 

by hand—in the path of the beam 
of light from the indicator. A piece 
of photographic paper was put 
around the tomato-can drum and se- 
cured there by rubber bands. Then, 
with the engine running under knock- 
ing conditions, Kettering spun the to- 
mato can on its shingle-nail pivots and 
Mr. Midgley (Thomas Midgley, Jr.) 
opened the shutter of the indicator. 

It was by that make-shifi means 
that the first photographic cards of 
knocking events in an engine were ob- 
tained. And those pictures vielded this 
important item of information: Kno-k 
does not come from preignition at all. 
It is a violent pressure disturbance 
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that comes after ignition by the spark 
plug. 

Speculating then on why kerosine 
knocks worse than gasoline, it was 
reasoned that the difference might be 
due to volatility. It was recalled that 
the wild flower, the trailing arbutus, 
with its red-backed leaves, blooms 
early in the spring, even under snow. 
And it was thought that if only kero- 
sine were dyed red it might absorb 
enough more heat to make it vaporize 
better, and so behave like gasoline. 
But no red dye happened to be avail- 
able there then—it was Saturday aft- 
ernoon. So a bottle of iodine was 
pulled down from the shelf with the 
suggestion that iodine ought to dye 
kerosine red. And when kerosine made 
red with that iodine was run in the 
engine, sure enough, the knock was 
vreatly reduced! So the fine theory 
was apparently confirmed. 

But when soon afterwards kerosine 
made red with a regular dye was run 
there was no effect whatever on the 
knock, no matter how deep the dye. 
Nevertheless, out of that theory had 
come the important discovery that 
knock is suppressed by the presence 
of a minute amount of iodine. It was 
not that iodine was important of it- 
self, for it could not be used in a prac- 
tical way, but that it showed that 
powerful chemical antiknock agents 
do exist. So as an incentive to effective 
action that theory, incorrect though 
it proved to be, turned out to be one 
of the important stepping stones in 
the path of progress. 


Interlude of First World War 

Soon after that time came the entry 
of the United States into the First 
World War. Then the search for a 
more nearly knock-free gasoline for 
use in fighter planes was undertaken, 
partly in collaboration with the Bu- 
reau of Mines (2). In investigating 
the knocking properties of the various 
types of fuel compounds then avail- 
able, it was found that the chemical 
structure of a fuel is the most impor- 
tant factor in respect to knocking 
tendency (3). One of the observations 
that opened the eyes of the investi- 
gators to this important item of knowl- 
edge was that ethyl ether, the kind 
used for anaesthesia and which at that 
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time was sometimes employed also as 
an aid in starting, is a particularly 
bad knocking compound. On the other 
hand, butyl alcohol did not knock in 
any of the engines they had then (3). 
But those two compounds have pre- 
cisely the same ultimate chemical com- 
position, C,H,,O. They differ only in 
structure or molecular architecture. 


It was also during that wartime 
work, pursued for the army and in 
cooperation with the Bureau of Mines, 
that the first synthetic high-octane 
aviation fuel was made. That fuel was 
composed of 70 parts cyclohexane and 
30 parts benzene. The cyclohexane was 
made by hydrogenating benzene in 
the presence of a nickel catalyst. The 
effort to hydrogenate benzene was 
undertaken against advice that it was 
impracticable. Leo H. Baekeland, fa- 
mous chemist, inventor of Velox and 
Bakelite, and member of the Naval 
Consulting Board, told Kettering that 
he would give him a wooden medal if 
he and his men could make a pint of 
cyclohexane. Nevertheless, after an 
intensive research and some failures, 
it was found that the job could be 
done successfully. By present stand- 
ards—standards not yet in existence 
then—that first synthetic aviation fuel 
had an octane number of 75 at lean 
or cruise fuel-air ratio and of about 
100 at rich or take-off mixture. Those 
values are to be compared with a 
rating of only 50 to 55 octane num- 
ber for the aviation gasoline of that 
time, whether at lean mixture ratio or 
rich. 

As for Dr, Baekeland and his pre- 
diction of failure, a bottle of cyclohex- 
ane was ceremoniously presented to 
him, together with a proposed design 
for the wooden medal he had prom- 
ised. The latter was in the form of a 
humorous diagram, a benzene ring 
surrounded by cats, to suggest cat- 
alysis. The outcome was so pleasing 
to Dr. Baekeland that that bottle be- 
came one of his prized possessions, 
and he kept it on his desk for a long 
time afterwards. The reason Dr. 
Baekeland prized that bottle of cyclo- 
hexane, when his prediction regard- 
ing it had turned out to be so far 
wrong, was that his own experience in 
research had taught him, as he ex- 
pressed it, “to bow humbly before the 
facts, even if they do not seem to agree 
with my favorite theories.” 


Quest for Antiknock Agent 

After the war ended in 1918 the 
effort to find a practical cure for the 
noisy bugbear of knock, which barred 
the way to higher engine powers and 
better fuel economies, was taken up 
again. In doing so, we had the feeling 
that nature would not have given to 
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one element the knock suppressing 
property iodine had without giving 
the same property in some degree to 
another. Not having any better basis 
on which to proceed, it was planned 
to try in a systematic manner at least 
one compound of each of the ele- 
ments. That did not prove to be easily 
possible, however. Testing compounds 
not soluble in gasoline did not in gen- 
eral turn out to be practicable. Com- 
pounds of only a few of the elements 
soluble in gasoline were available, 
and synthesis of suitable compounds 
of other elements was difficult and ex- 
tremely tedious. 


As luck would have it, though, the 
search for a practical antiknock agent 
had been pursued only a short time 
when it was discovered that the nitro- 
gen compound aniline and the other 
aromatic amines similar to it are ef- 
fective knock suppressors. It was very 
fortunate that that discovery was made 
thus so soon. For we were surely not 
certain enough at that stage that there 
would be any such thing as a practical 
antiknock agent to carry us through 
a long search. 


The aniline-type compounds 
seemed so nearly practical that, al- 
though the search for still other anti- 
knock agents was continued as oppor- 
tunity offered, the most of the activ- 
ity of the group for many months was 
put into the effort to develop to a 
commercial stage the use of the ani- 
line compounds as knock suppressors. 
The incentive for this was the desire 
to conserve gasoline by improving 
fuel economy through making it pos- 
sible to boost the compression of auto- 
mobile engines. For at that time there 
was grave apprehension About the 
early failure of crude oil reserves. The 
best authority of that time, the U. S. 
Geological Survey, was predicting 
that petroleum would be exhausted 
within a very few years, and that after 
a period as short as three years pro- 
duction might begin to fall off (4). So 
serious did the situation appear that 
some of the activity of our small 
group at that time was even devoted to 
the possibility of converting vegeta- 
tion into alcohol as a supplementary 
source of motor fuel (5). 


On the aniline-type compounds we 
measured the relative antiknock ef- 
fects of all of the different ones that 
could be obtained, and several were 
made especially for the purpose (6). 
We struggled with the problems of 
low solubility of aniline in gasoline 
and the unpleasant stuffy odor of the 
compounds, particularly in the engine 
exhaust. In the effort to minimize the 
cost, which was a cause of concern 
because the concentration needed to 
prevent knock was 3 or 4 per cent of 


the gasoline, a great deal of work was 
done to develop injectors for intro. 
ducing the compounds only when re- 
quired. 


The compression ratio of the engine 
in an experimental car was boosted 
from the then normal value of 4 to 1 
up to 7 to 1. That car was driven on 
gasoline containing toluidine, one of 
the aniline-type compounds that had 
solubility in gasoline good enough to 
permit it. The car had such high per- 
formance or such unusual hill-climb- 
ing ability for that time—and also its 
engine and the exhaust from it smelled 
so badly from the toluidine used—that 
it was dubbed “The Goat.” But it gave 
an increase of 40 per cent and more 
in miles per gallon over the car of 
conventional compression ratio, thus 
demonstrating the benefits of a fuel 
that would make possible the use of 
higher compression ratios. 


The army men at McCook Field 
were interested in the new antiknock 
agents and ntade experimental use of 
the compounds furnished to them. In 
one of the tests there, Major R. W. 
Schroeder made an altitude record of 
36,020 ft—nearly 7 miles. His plane 
was powered by a Liberty engine 
equipped with one of the first turbo- 
superchargers. 

The use of the antiknock agent in 
the gasoline was found necessary to 
prevent knock and preignition under 
the conditions of charge boost re- 
quired for the flight. Another use of 
the aniline-type antiknock agents was 
in the first non-stop transcontinental 
airplane flight made by Lieutenants 
Macready and Kelly during the early 
1920’s. For them a special fuel con- 
taining one of the antiknock agents 
was prepared for use, especially in the 
stress of take-off and of gaining allti- 
tude when their plane was so heavily 
loaded with the gasoline required to 
fly non-stop all the way from New 
York City to San Diego, California. 


Deep Discouragement—and 
Heartening Discovery 

But, as so often happens in the 
search for new things, the research ar- 
rived before long at one of its lowest 
points. That period of discouragement 
came about the end of 1920. The prac- 
tical difficulties with the aniline-type 
compounds that had to be faced, one 
of which was their disagreeable odor. 
gradually made it apparent that the 
chances of applying them successfully 
were not bright. Of the odor problem. 
one of the men wrote, “I doubt if hu- 
manity, even to doubling their fuel 
economy, will put up with this smell.” 
Some members of the group proposed 
that the search for an antiknock agent 
be discontinued at that point. 
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But fortunately, out of the testing 
of other materials as they became 
available, an activity that although 
spasmodic had never been stopped, 
came just shortly after that time a 
new and important discovery. A sol- 
uble compound of selenium, selenium 
oxychloride, became available and 
was obtained. That compound when 
tested in the engine proved to be very 
effective as an antiknock agent—con- 
siderably more effective than any- 
thing tested before that time. 

That was a very exciting observa- 
tion, particularly as it was known 
from prior work that both the oxygen 
and the chlorine in the compound 
would tend to make the knock worse 
rather than less. So it was thought 
that selenium in a more suitable com- 
bination, one without the handicap of 
oxygen or chlorine, ought to be much 
better than aniline. Such a compound, 
diethyl selenide, was accordingly 
made, tested, and found to be five 
times as effective as aniline. 

So a compound of tellurium, the 
element similar to selenium next to it 
in the periodic table, was made in the 
form of diethyl telluride. And as an 
antiknock agent that compound 
proved to be four times as effective as 
selenium ethyl, or twenty times as ef- 
fective as aniline. And that really 
was exciting. These gratifying discov- 
eries, made all within a few days. 
naturally lifted the endeavor out of 
the valley of discouragement into 
which it had descended and gave it a 
new lease of life. 

But two serious defects were found 
to apply both to selenium and tellu- 
rium. First, a study of availability 
showed that the potential supply of 
those two elements was not adequate 
to treat gasoline on the scale that 
would be required. And, second, the 
compounds of both had very bad odors. 
The most effective of the compounds. 
tellurium ethyl, smelled like a devilish 
mixture of garlic and onions. The 
compound got into a fellow’s system 
and on his clothes so that he carried 
it with him wherever he went. He 
could not wash it off, for water only 
made the odor worse. Nor was the 
trouble confined to those working di- 
rectly with the materials. Every one 
in the whole research laboratory suf- 
fered from it to some degree. Things 
got so bad in that respect that all the 
secretaries threatened to leave. It hap- 
pened that Horning visited our lab- 
oratory during the time of the tellu- 
rium experiments. Afterwards he 
wrote to Midgley as follows: “This is 
to let you know that I reached home 
safely and that everyone is greeting 
me with gas masks on.” For these rea- 
sons, the use of tellurium, powerful 
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antiknock agent though it is, was just 
not practical. 


Scientific Fox Hunt 


But out of the selenium and tellu- 
rium discoveries came an important 
advance in the method of the investi- 
gation. The high antiknock effects of 
compounds of those elements—when 
put together with the prior discov- 
eries that compounds of iodine and 
nitrogen were antiknock agents also, 
whereas compounds of chlorine, 
bromine, oxygen, and sulfur were 
either without effect upon knock or 
else made knock worse —- made us 
suspect that the antiknock property 
might be related in a definite way to 
the positions of the elements in the 
periodic system. That seemed particu- 
larly possible when the results were 
viewed in the light of a new periodic 
arrangement of the elements to which 
we had access. The arrangement was 
one made by Robert E. Wilson and 
based upon the Langmuir theory of 
atomic structure and chemical valence 
that had been propounded shortly be- 
fore that time. That periodic arrange- 
ment was accordingly made a basis of 
the search, which thereafter took on 
more the character which Midgley 
termed a “scientific fox hunt.” The 
periodic chart pointed not only to the 
most likely elements to test but also to 
the valence each element should have 
in the compound to be tested. 

Now that a systematic survey of the 
relative antiknock effects of similar 
compounds of a considerable number 
of the elements was to be undertaken 
in an effort to determine trends, ex- 
tensive preparations were made for it 
in these two respects: 

1. By preparing through synthetic 
means a similar and gasoline soluble 
compound of each of the several ele- 
ments to be tested. 

2. By developing a means of meas- 
uring the antiknock effect more ac- 
curately than had been possible be- 
fore. 

In respect to the first item, the prin- 
cipal elements investigated were these 
eighteen. as arranged in groups ac- 
cording to chemical valence from 1] 
to 4: 

1. Fluorine, chlorine, bromine, 
and iodine 

2. Oxygen, sulfur, selenium, and 
tellurium. 

3. Nitrogen, phosphorous, arsenic, 
antimony, and bismuth 

4. Carbon, silicon, germanium, tin, 
and lead. 

Up to that time compounds had 
been tested for antiknock effect either 
by the listening method or by view- 
ing the cards of the Midgley optical 





indicator, developed meanwhile (7). 
Neither of those methods was free 
enough from the human element to be 
very precise, although in the search 
up to that time they had served quite 
well. But for the more exact investi- 
gation now to be undertaken, where 
small differences might be of impor- 
tance in showing trends, it was 
thought that a better means of measur- 
ing knock was essential. 

In the effort to develop such a pro- 
cedure, various schemes were tried. 
One of these was a temperature meth- 
od. It was found though that, in our 
little air-cooled engine, temperature 
could not be relied upon to indicate 
small differences in knocking ten- 
dency. Shortly before that time Dr. 
H. C. Dickinson of the National Bu- 
reau of Standards had described a 
simple device which he had used to 
detect in a qualitative way whether 
an airplane engine was knocking. His 
device consisted of a free pin held 
loosely in a guide and arranged so that 
its lower end could be placed on some 
part of the cylinder head of the en- 
gine. When knock was not present 
that pin merely followed the small 
flexing of the cylinder head. But when 
knock was present the cylinder head 
flexed so violently that the pin was 
thrown free of its contact. It might in 
some cases jump as high as 2 in. 

We set out to convert that scheme 
into a quantitative method of measur- 
ing knock by comparison with refer- 
ence fuels. And, without going into 
the details which have been fully pub- 
lished, the principle was developed 
during the summer of 1921 into the 
bouncing-pin indicator (8, 9). That 
instrument served the purpose for 
which it was developed in admirable 
fashion. In the years following it was 
further refined, and it came finally to 
be utilized as a part of the improved 
knock - testing equipment which — 
thanks in large measure to the assist- 
ance of Mr. Horning—was developed 
cooperatively and has since been used 
everywhere. 

With the newly developed instru- 
ment and technique the compounds 
prepared meanwhile were tested dur- 
ing the fall of 1921. Results were 
plotted on a peg-board laid out after 
the fashion of the periodic arrange- 
ment already mentioned. The height 
of the pin inserted in the place of each 
element tested was made to corre- 
spond with its effect on knock, as 
measured with the aid of the bounc- 
ing-pin indicator and by comparison 
with aniline in a base fuel. From the 
gradual growth of that peg-board, it 
soon became apparent that there is a 
periodic function of the elements in 
respect to effect upon knock, As the 
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work proceeded, it was seen that the 
pins got longer as they went toward 
the corner in which lead was placed. 


Tetraethyl Lead 

\n effort to make the ethyl com- 
pound of lead, tetraethyl lead, was ac- 
cordingly begun in dead earnest. An 
earlier attempt to prepare tetraethyl 
lead by reacting ethyl iodine with an 
alloy of sodium and lead had_ not 
proved successful. As that method of 
synthesis had been described in ihe 
early chemical literature, when it had 
been used for making a little of the 
compound to study its physical prop- 
erties, our failure was a puzzle to us. 
But we now turned to another meth- 
od, also described in the early chemi- 
cal literature. That method was to 
make zine ethyl first and then io react 
it with lead chloride. Special techni- 
ques were required to carry out that 
method, for when exposed to air zine 
ethyl takes fire spontaneously. But it 
was by that means that a tiny amount 
of tetraethyl lead was first obtained in 
our research. 

\s it turned out, though, only a 
ininute amount of the compound was 
for the determination. For. 
when tested in the engine by compari- 
son with aniline. which was our refer- 
ence material then, that tetraethyl lead 
showed the astonishing antiknock ef- 
fectiveness of 50 times that of aniline 
(10, 11). That meant that less than a 
tenth of one per cent of tetraethyl lead 
in gasoline had an effect as large as 4 
per cent of aniline. This amazing and 
exciting observation was one of the 
dramatic events of the whole 
program, and it came less than a year 
after the time when the discourage- 
ment was so deep that there was senti 
ment for dropping the search alto- 
ether. 


needed 


most 


The next thing was to make enough 
tetraethyl lead to determine whether 
its use in gasoline was practical. In 
doing so, we continued with the zinc 
ethyl method and developed it success- 
fully to a small pilot plant scale. But. 
not being satisfied with that process 
for making tetraethy] lead in quantity. 
further experimenting was done with 
the method using sodium-lead alloy 
and ethyl iodide. And after a time the 
reason for the earlier failure to get 
tetraethyl lead by that process was 
found, The method as described in 
the literature called for digesting an 
alloy of sodium and lead with ethyl 
iodide for a time and then extracting 
the product with ether. That we had 
done. But it was now found that water 
for hydrolysis as an intermediate step 
was required. In the case of the origi- 
nal work described in the literature 
the need for water had not been men- 
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tioned and was perhaps not realized, 
but the water had been furnished all 
the same as that naturally present in 
the reagent ether used for extracting 
the product. The ether from the lab- 
oratory stock which we used however 
had been dehydrated or dried ether, 
and thus the needed water had not 
been present. 

So the sodium-lead process of mak- 
ing tetraethyl lead was taken up, and 
soon it was simplified by substituting 
steam distillation for ether extraction. 
With the aid of catalysts that were 
developed next, it was found possible 
to subsitute ethyl bromide for the 
scarce and costly ethyl iodide. Also 
the aid of the research laboratory of 
applied chemistry at Massachusetts 
Institute of Technology. the director 
of which at that time was Robert F. 
Wilson. was enlisted in the endeavor. 
The first effort of the group at MIT 
was to make the compound tetraiso- 
propyl lead by the electrolysis of a so- 
lution of acetone using lead elec- 
trodes. That did not prove practical; 
hut afterwards the men there took up 
a study of the sodium-lead process of 
producing tetraethyl lead and made a 
number of valuable contributions to 
it. 

\fter a time the manufacture of 
tetraethyl lead was commenced using 
the sodium-lead and ethyl bromide 
process, as developed up to that time 
and further improved in certain re- 
spects. Later on the process of making 
tetraethyl lead was altered by substi- 
tuting for ethyl bromide the still 
cheaper ethyl chloride. That modifica- 
tion was made possible by researches 
conducted for the Standard Oil De- 
velopment Company by Mrs. C. A. 
Kraus and C. C. Callis at Clark Uni 
versity : 

Many determinations of the etlec 
tiveness of tetraethyl lead were natur- 
ally made as time went on. and a good 
many other alkyl compounds of lead 
were prepared and tested as well. This 
work brought out such items of infor- 
mation as these. 

|. That small amounts of the lead 
alkyls in gasoline are relatively more 
effective than larger amounts that is. 
that 2 ce of tetraethyl lead per gallon 
does not have twice the effectiveness 
of 1 ce. 

2. That the magnitude of the knock 
suppressing effect of tetraethyl lead 
varies from one fuel to another, 

3. That as an antiknock agent 
tetraethyl lead is generally the most 
effective of the lead alkyls. Later an 
extensive investigation of behavior 
during combustion showed that for a 
lead alkyl to act as an antiknock agent 
it must decompose in the hot combus- 
tion mixture before the arrival of the 


flame, and that tetraethyl lead was 
best in decomposing at the most favor- 
able instant. 


Obstacles Appear 


Meanwhile in the operation of en- 
gines on gasoline containing tetra- 
ethyl lead the disheartening discovery 
was soon made that tetraethyl lead 
alone could not be used in gasoline. 
It left solid deposits there, deposits 
which resulted in serious exhaust 
valve burning and damage to the in- 
sulators and the electrodes of spark 
plugs. That trouble was not however 
accepted as an insurmountable ob- 
stacle. Instead, an extensive search 
was begun at once for a means of over- 
coming the difliculty. The investiga- 
tion extended over many months and 
involved during much of that time the 
running of 12 engines 24 hours a day. 
It led to the discovery that the trouble 
could be corrected by adding to the 
easoline along with tetraethyl lead an 
organic compound of bromine, or of 
bromine and chloride. 


But now it was foreseen that, in 
order to apply that solution in a prac- 
tical way and on the scale required. 
it would be necessary to search for 
new sources of bromine. What little 
bromine had been needed in photog- 
raphy and for medicinal compounds 
was readily obtained as a by-product 
in treating the brine from Michigan 
salt wells. But this new demand was 
expected to become so huge that it 
could not be met with bromine from 
salt wells. 

A survey of other possible sources 
of bromine was accordingly con- 
ducted. Inspection trips were made to 
the Dead Sea, to Tunisia, and to Mex- 
ico. But a domestic source was desired 
if possible. Unfortunately, there is 
practically no bromine in our Great 
Salt Lake. but it was known that bro- 
mine is present in the sea. Bromine 
occurs there however in very. very 
minute concentration—only 65 parts 
per million. That means that about ten 
tons of sea water are required to yield 
one pound of bromine. Nevertheless. 
in the face of much skepticism, the 
problem of getting bromine out of 
the sea was attacked with courage and 
vigor. And, after a great deal of in- 
tensive effort on the part of all the 
men in the research laboratory of the 
Ethyl Corporation and of those in our 
eroup. a way was found to do it. 

Later. under contract with the Ethyl] 
Corporation. the method was given a 
full-scale and successful trial by the 
du Pont Company (12), As a means 
of avoiding the sediment and the pos- 
sible fresh water contamination of 
shore waters. the trial was made at sea 
on a ship fitted out as a chemical plant 
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but with the operating personnel 
suffering grievously from seasickness. 
The process as developed then is not 
the one now in commercial use by 
the Ethyl-Dow Chemical Company, 
and by means of which many millions 
of pounds of bromine are being taken 
out of the sea each year. But it served 
the useful purpose of demonstrating 
that, in spite of the minuteness of the 
concentration of bromine in sea water. 
its extraction is practicable. 

\ third major obstacle was the fear 
of lead poisoning. From the outset it 
was appreciated that putting tetra- 
ethyl lead into gasoline might possibly 
introduce a health hazard. The first 
opinions of the doctors who were con- 
sulted were full of such frightening 
“orave feaxs,” “distinct 
risk,” “widespread lead poisoning,” 
and the like. The source of the pos- 
sible hazard to health thought of at 
first was not so much that from tetra- 
ethyl lead itself as that from finely di- 
vided lead dust in engine exhaust. 


phrases as 


On this question, after preliminary 
and encouraging experiments of out 
own, We were fortunate in having been 
able to arrange with the Bureau of 
Mines to undertake a comprehensive 
study of the question. After a good 
many months of experiments, in 
which animals in a large chamber 
were exposed for several hours each 
day to the exhaust from an engine 
running on leaded gasoline, they 
found “no indication of plumbism in 
any of the animals used” (13). Dur- 
ing the period of those tests five pup- 
pies were actually born in the cham- 
ber, and they spent each day during 
the remainder of the tests in the cham- 
ber, all without harm of any kind. 

Of tetraethyl lead itself. however. it 
was soon discovered that in the manu 
facture and handling of the concen- 
trated fluid elaborate precautions are 
necessary lo avoid serious poisoning 
hazards to those working with it. No 
one had had experience before with 
poisoning by such organic compounds 
of lead, the symptoms and the effects 
of which proved to be quite different 
from those of lead poisoning of the fa- 
miliar ty pe. The consequence was that 
several serious cases of poisoning oc 
curred, some of them fatal, before ihe 
character and the strictness of the pre- 
cautions that have to be taken were 
understood. 

These experiences caused concern 
also about the health of those han- 
dling and using gasoline containing 
tetraethyl lead, although the concen- 
tration present there was extremely 
small. There developed on the part of 
some individuals and agencies an in- 
tensive agitation to prohibit the use 
of tetraethyl lead in gasoline. This was 
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so in spite of the experience that there 
had been no sign of any harmful effect 
among users of leaded gasoline, which 
had already been distributed for many 
months 

\t that point a comprehensive in 
vestigation of the subject was insti 
tuted under the auspices of a commit- 
tee appointed by Surgeon General 
Hugh S$. Cumming of the U. S. Pub- 
lic Health Service, and consisting of 
recognized authorities in the fields of 
physiology, public health, 
and chemistry, The purpose was to 
settle once and for all, and to the satis- 
faction of everyone concerned, wheth- 
er the distribution of gasoline con- 
taining tetraethyl lead involved any 
hazard to the health of those who used 
it or distributed it. Meanwhile the sale 

leaded gasoline was discontinued, 
except where necessary for the investi- 
cation. 

\fter some months of intensive 
study. during which more than 250 
persons in five groups, some using or 
distributing leaded gasoline and some 
not. were each examined at frequent 
intervals in an elaborate program of 
particulars. the conclusion reached 
was this: That. when its distribution 
and use is controlled by proper safe- 
euards. there is no hazard from 
containing tetraethyl lead 
(14). Later and still more extensive 
studies showed again that, when those 
simple safeguards are observed, 
“there is no reason to fear the exist- 
ence of danger to the public health 
from the distribution and use of leaded 
vasoline” (15). 


medicine. 


vasoline 


When the investigation of the pos- 
sible health hazards from tetraethy] 
lead was begun it was believed that 
lead absorption was completely cumu- 
lative. No matter how little lead was 
taken into the system, it was thought. 
the person exposed would ultimately 
accumulate a dangerous amount of it. 
But, very fortunately, that conception 
was found not to be true; for, up to a 
certain critical rate of absorption, the 
normal excretion of lead was found 
to be as great as the intake. 

This investigation of the possibility 
of health hazards to users of gasoline 
containing tetraethyl lead, with its 
eratifying outcome, ended the long 
struggle to solve in a practical man- 
ner the primary problems relating to 
the compound as an antiknock agent. 
This did not mean that research in the 
field was finished by any means. On 
the contrary, an immense amount of 
research has been done by interested 
groups since that time, and that re- 
search is still being pursued in inten- 
sive fashion. 

Only the major problems have been 
mentioned in this review of the pio- 
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neering work, But there were many 
minor problems. Just to cite one of 
these, there was at the outset much 
difiiculty from the instability of tetra- 
ethyl lead mixtures. One of those 
who was given a sample of an early 
mix, a mixture of composition which 
proved to be unstable. wrote this to 
the man who gave it to him: 

“Please tell Kettering for me that 
the antiknock. in addition to being 
a good remedy for knocks in mo- 
tors. is also very effective as a 
bomb. The bottle you left with me 
has been standing on my desk eve! 
since you were here, and yesterday 
while | was telephoning the bottle 
blew up in my face. 


Fuel Structure Investigated 

Following the period of work on the 
chemical antiknock agents, research 
on the influence on knock of the strue- 
ture of fuels themselves was taken up 
in an active way. Because, from the 
viewpoint of satisfactory and economi- 
cal utilization in engines, the value of 
a hydrocarbon fuel hinges wholly 
upon the structure or architecture of 
its molecules, the investigations in this 
field have been of the highest impor- 
tance. And so the following account 
of these endeavors — while it cannot 
he presented without some technical- 
ity of terms, and is therefore not the 
inost interesting part of the lecture 
perhaps deserves particular atten- 
tion. 

When first undertaken in 1920 this 
second phase of the research was in- 
tended to have a wider scope than 
studying the knocking properties of 
hydrocarbons. It was aimed also at 
getting some more fundamental 
knowledge of engine combustion, and 
particularly at getting a better under- 
standing of the mechanism of knock. 
A small amount of work had already 
been done in studying the influence of 
fuel structure on knock, and the re- 
sults of it had been published (16, 
17, 18). Some studies of combustion 
had previously been made too, both 
in a bomb and in engines. In a bomb, 
flame movement had been studied by 
photographing it through a window 
on a moving film (19, 20). Also. 
through a quartz window in the com- 
bustion chamber, some measurements 
had been made of the energy radiated 
by engine combustion under different 
conditions and at various times in the 
cycle (21). 

The plan now was to observe the 
knocking behavior in engines of in 
dividual hydrocarbons and also of va- 
rious oxygen-containing compounds. 
such as alcohols. ethers. aldehydes. 
and organic acids, which might be 
thought of as products of partial oxt- 
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dation of hydrocarbons. From the in- 
formation obtained in that way it was 
hoped that we might be able in some 
measure to follow the course of com- 
bustion in the engine, and in particu- 
lar to learn how the mechanism of 
knocking combustion differs from that 
of non-knocking combustion. 


After this program had been pur- 
sued for only a little while, the wide 
difference in knocking behavior be- 
tween normal heptane and isoctane 
was observed, first by Graham Edgar 
and his associates at the Ethyl Corpo- 
ration in their search for a better ref- 
erence fuel for rating the knocking 
qualities of gasolines than had been 
available before (22). In view of the 
large magnitude of those differences 
in the paraffin hydrocarbons, it seemed 
desirable to concentrate our program 
on the hydrocarbons to see just what 
the ranges of knocking quality are and 
to determine in as specific a manner 
as possible how knocking quality re- 
lates to chemical constitution. 

In addition to the information on 
knocking behavior of hydrocarbons 
just mentioned and to the earlier work 
already referred to (16, 17, 18), H.R. 
Ricardo had published results of in- 
vestigations of 13 individual fuel com- 
pounds, of which 8 were hydrocar- 
bons, to determine the “highest use- 
ful compression ratio.” He too had ob- 
served considerable differences in 
knocking tendency, depending upon 
chemical composition (23). 

In our study determinations of the 
knocking properties of the hydrocar- 
bons were made at first in fairly dilute 
solution in a base gasoline and by 
comparison with aniline as a reference 
material in the same base gasoline. 
The method of rating in solution was 
adopted primarily to extend the range 
of compounds that could be tested, 
some of which could be made avail- 
able only in very small amounts.* 
Samples of the hydrocarbons tested 
were obtained chiefly by synthesis in 
our own laboratory, but some by pur- 
chase, and some by donation of a 
number of those working in the hydro- 
carbon field. Samples of all the 9 iso- 
meric heptanes, for instance, were do- 
nated by Graham Edgar, and a few 
of the olefins by Frank C. Whitmore 
of Pennsylvania State College. 

By this means the knocking be- 
havior of 171 hydrocarbons — 27 
paraffins, 15 olefins, 70 saturated and 
unsaturated naphthenes, and 59 aro- 
matics — were measured and the re- 
sults published (25, 26, 27, 28). The 
data showed not only wide differ- 


The apparatus used was a one-cylinder, vari- 
able compression engine, evaporatively cooled. 
It was fitted with the bouncing-pin indicator 
and was run at 600 rpm without heat on the 
mixture (24). 
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ences in knocking behavior, but also a 
number of regular and consistent re- 
lationships between tendency to knock 
and molecular structure, such as the 
following for paraffin hydrocarbons: 

1. That tendency to knock in- 
creases at a rapid rate with lengthen- 
ing of the carbon chain. 

2. That the addition of methyl 
groups as side chains raises freedom 
from knock in a consistent fashion. 

3. That the more closely compacted 
the carbon structure the better, and 
that the most closely compacted paraf- 
fin hydrocarbons are very good in de- 
gree of freedom from knock. 

While this work was in progress 
some other investigators also made 
measurements of a number of individ- 
ual hydrocarbons in solution in a base 
fuel. These workers included Nash 
and Howes (29); Birch and Stans- 
field (30); Garner, Wilkinson, and 
Nash (31); and Garner and Evans 
(32). Comparison of all the ratings 
for similar compounds made by the 
different investigators, while not ob- 
tained under equivalent conditions, 
nevertheless showed a sufficient de- 
gree of agreement to establish confi- 
dence in the data. 

The next phase of the research was 
determining the knocking characteris- 
tics of individual hydrocarbons alone 
—that is, not as before in solution in 
a base gasoline. In this study measure- 
ments of knocking characteristics were 
made in terms of critical compression 
ratio’. A paper giving such data on 
103 hydrocarbons—parafhns, olefins, 
naphthenes, and aromatics—-was pre- 
sented in 1934 (33). The critical com- 
pression ratios of the hydrocarbons 
included were found to vary over a 
range of about 14 ratios. Some thus 
permitted very high engine compres- 
sions without knock. 

The general correlations between 
knocking characteristics and molecu- 
lar structure previously found for 
such hydrocarbons when rated in 
dilute solution in a base fuel held for 
these data also. There were, however, 
some important exceptions. These 
arose from the observed fact that the 
knock behavior of mixtures does not 
vary in the same way with concentra- 
tion for every hydrocarbon. 

This work on the knocking be- 
haviors of the hydrocarbons them- 
selves was extended by determining 
also for many of them the effective- 
ness of additions of tetraethyl lead for 





2Most of the hydrocarbons tested in this phase 
of the program also were synthesized in our 
laboratory, but a few were obtained from com- 
mercial sources, and some were supplied by per- 
sons working in the hydrocarbon field. The en- 
gine used was, as before, one-cylinder, variable 
compression, evaporatively cooled, running at 
600 rpm and without heat on the mixture. De- 
termination, of the compression ratio for bor- 
derline knock, was by ear. 


boosting degree of freedom from 
knock (34). Results showed that the 
effectiveness of tetraethyl lead varies 
widely depending upon the structure 
and properties of the hydrocarbon in 
which it is used. It was found, in fact, 
that degree of effectiveness of tetra- 
ethyl lead may run all the way from 
a very high positive or knock-sup- 
pressing effect to a considerable nega- 
tive or knock-inducing effect. Fortu- 
nately, effectiveness is highest in the 
types of hydrocarbons that make the 
best fuels, In respect to the part which 
luck plays in research, by the way, 
just suppose that the first test of tetra- 
ethyl lead had chanced to be made not 
in gasoline but in one of those fuels 
in which it is not a knock suppressor! 


Cooperation Extends Hydrocarbon 
Research 


The results of all these studies of 
the relationship of knocking behavior 
to hydrocarbon structure have since 
been greatly ‘extended and improved 
by the work done under the coopera- 
tive endeavor begun in 1938 and con- 
ducted as American Petroleum Insti- 
tute Research Project 45. The tabula- 
tion of the results of that important 
endeavor now “covers more than 325 
hydrocarbons and includes original 
and derived data on the compounds 
both straight and blended, with and 
without tetraethyl lead” (35). And 
the project is still going ahead. 

The principle deficiency of data on 
the knocking behavior of individual 
hydrocarbons obtained prior to this 
program was that for the most part 
ratings were made under only one set 
of engine operating conditions. The 
result was that there was little quanti- 
tative knowledge of the property of 
hydrocarbons that has come to be 
called sensitivity. But in the program 
under Project 45 this deficiency in 
rating procedure has been corrected. 
While the ratings, most of them, are 
still made in the same engine used 
in the earlier investigations reported 
above, they are now made under a va- 
riety of conditions of engine speed, 
jacket temperature, and other va- 
riables. On a considerable portion of 
the hydrocarbons data have been ob- 
tained under conditions of super- 
charge operation also. The hydrocar- 
bons prepared for this program, the 
majority of which have been synthe- 
sized at The Ohio State University, 
have cost between a thousand and two 
thousand dollars a gallon, and they 
have been mighty cheap at the price. 

The worth of the knowledge gained 
from all the research conducted in 
this field during the more than 20 
years past is so extremely large that 
it perhaps cannot be computed. 
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Through what all it has done to stimu- 
late catalytic cracking, polymeriza- 
tion, isomerization, alkylation, and 
other new forms of petroleum process- 
ing, it has helped to bring about the 
modern revolution in petroleum refin- 
ing with the better products resulting 
from it. In addition to the immense 
value of the knowledge in peacetime, 
it was of the greatest usefulness in the 
Second World War, when it formed 
the very keystone of the high octane 
aviation gasoline program. The im- 
portant table of knocking properties 
assembled in that research was the 
bible of the men who had to do with 
the procuring of aviation gasoline. 
It has been estimated that, in all, 
70 per cent of the high octane avia- 
tion gasoline used in the Second World 
War was composed of hydrocarbons 
made by synthetic methods (36) — 
hydrocarbons found in these research- 
es to be good in degree of freedom 
from knock. The synthetic molecules 
were made mainly by two means: 
First, by the method of synthesis 
called alkylation, operated on a huge 
scale; and, second, by catalytic crack- 
ing. The superior aviation gasoline 
obtained by blending these products 
and then adding tetraethyl lead _per- 
mitted the airplane engine in the Sec- 
ond World War to give four times 
the output obtained from one of the 


same displacement in the First World 
War. 


Triptane 


One of the hydrocarbons that was 
early found to be among the highest 
in degree of freedom from knock—its 
superlative effectiveness was first ob- 
served in 1926—was the heptane, 2, 
2, 3-trimethyl butane, which after a 
suggestion by George Calingaert came 
to be called triptane for short. When 
early in the Second World War those 
in charge of the aviation fuel program 
made known a desire for a method 
of manufacturing triptane as a pos- 
sible component of aviation gasoline, 
an effort was made in our laboratory 
to develop a practical process for it. 
The hydrocarbon had previously been 
made, in the amount of 300 gal, by the 
Dow Chemical Company for the Ethyl 
Corporation; and, in full scale avia- 
tion engine tests at Wright Field, it 
had been found superior in power po- 
tentialities to any other fuel tested up 
to that time. The method employed 
in making that triptane was the well 
known Grignard reaction, which was 
not suitable for use on any consider- 
able scale. 

In our research a better process of 
making triptane was found. It con- 
sisted in methylating the olefin, trime- 
thylethylene, with methyl chloride in 
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the presence of lime and then hydro- 
genating the product (37). In a large- 
scale pilot plant built for the purpose, 
triptane was produced, several tanks 
cars in amount (38). 


The product was subjected to ex- 
tensive tests, chiefly by the Aircraft 
Engine Research Laboratory — now 
the Lewis Flight Propulsion Labora- 
tory—of the National Advisory Com- 
mittee for Aeronautics (39, 40). The 
performance number of triptane plus 
4 cc tetraethyl lead per gallon, meas- 
ured by the F-4 procedure (A.S.T.M. 
D-909), was found to be 360 (40). 
This means that in a supercharged en- 
gine it is capable of giving 3.6 times 
as much power as the 100-octane ref- 
erence fuel, iso-octane. The tempera- 
ture characteristics of triptane were 
observed to be such that for high out- 
put in airplane engines it requires in- 
let-air temperatures that are relatively 
low. But, with suitable control of inlet- 
air temperature, triptane makes pos- 
sible very high engine powers. Alter- 
natively, with a boost in compression 
ratio instead of in degree of super- 
charge, it can give a considerable im- 
provement in airplane fuel economy. 


High Compression 


When the war came to an end there 
remained a stock of triptane, along 
with certain other high-octane hydro- 
carbons obtained as by-products in 
the process, and more could be pro- 
duced as required. Advantage was 
taken of that circumstance to make a 
more thorough and extensive evalua- 
tion of the benefits of high compres- 
sion, or to find out just what is the 
maximum efficiency that can be got in 
the automobile engine, provided a 
fuel completely free from knock is 
available. Triptane, with the addition 
of small amounts of tetraethyl lead, 
is such a fuel. 

A single cylinder engine was first 
built to explore the range of compres- 
sion ratios from 6 to 1 up to 15 to 1. 
The tests on that engine, using trip- 
tane as fuel—although it was found 
to be freer from knock than was re- 
quired—gave the basic data for de- 
signing and building a multicylinder 
engine of 12.5 to 1 compression ratio 
which could be installed in a car. That 
engine was designed according to 
rather conventional procedures, ex- 
cept that it was made rigid enough 
to carry the higher loads involved. 
And those loads were very large, as 
may be known from the fact that the 
explosion pressure was more than 
1000 psi. or more than 10,000 Ib on 
the top of each piston. Two things that 
helped greatly in doing that were our 
wide diesel experience and the results 
of an extensive prior study of the 





causes of roughness in the gasoline 
engine (41, 42). 

Experience with the engines thus 
obtained, and having a compression 
ratio of 12.5 to 1, has shown that, 
with performance matching that of 
existing automobile engines, they give 
an average increase in miles per gal- 
lon of at least a third. Also — and 
contrary to the expectations of many 
— those engines are smooth or free 
from roughness, they are high in me- 
chanical efficiency, and they do not re- 
quire fuels more free from knock than 
the best of those being made from pe- 
troleum by existing refinery processes 
(43. 44). The utilization of this im- 
portant knowledge, when it can be 
fully realized in a commercially prac- 
ticable manner, will represent another 
long step forward in the fitting of 
fuels and engines for maximum use- 
fulness. 


Combustion Studies 

There remains to be mentioned in 
this tabloid review one other impor- 
tant phase of the long research. This 
is the part of it devoted to learning 
what could be found out about the 
mechanism of combustion in the gaso- 
line engine, Because the whole useful- 
ness of the automobile depends upon 
what happens when gasoline burns in 
the engine, it is important to learn as 
much as possible about it. Some of the 
early work in this field has already 
been mentioned: That devoted to pho- 
tographing on a moving film combus- 
tion events in a bomb (19, 20), and 
that concerned with measuring the 
energy radiated by engine combustion 
(21). We had also investigated com- 
bustion in tubes. 

The further effort to study combus- 
tion events—events that are not easy 
to investigate because they take place 
inside an engine and all within the 
hundredth part of a second or less 
have made use of many aids to obser- 
vation, and have included the follow- 
ing endeavors: 

1. Snatching samples of gas at se- 
lected times in the cycle and deter- 
mining their compositions by 
chemical analysis. Samples were 
withdrawn by means of an auxil- 
iary valve that could be situated at 
any one of several places in the 
ceiling of the combustion chamber 
and opened for extremely brief in- 
tervals at any time desired (45). 
Photographing the progress of the 
flame as it proceeded from the 
spark plug to the end of the com- 
bustion space, and obtaining also 
a simultaneous pressure record. 
By means of a special camera pho- 
tographs were taken on a moving 
film through a narrow quartz win- 
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dow extending the full length of 
the combustion chamber. and si- 
multaneous pressure records were 
obtained with an indicator (46, 
b7). 

Comparing the frequency of pres- 
sure surges in the burning charge 
with that of the sound of knock. 
This was done by means of an en- 
vine indicator and a microphone. 
each connected to a cathode-ray 
oscillograph. the screens of both 
of which could be photographed 
simultaneously (48). 

Dissecting the light from engine 
combustion by means of a spectro- 
scope to determine the composition 
of the gases within the flame and 
behind it. The spectroscope was 
trained on a narrow quartz win- 
dow extending the full length of 
the combustion chamber. The par- 
ticular area to be examined was 
isolated and the observaticn timed 
by means of a stroboscope (49. 
50). 

Studying changes in composi- 
tion of the non-luminous charge 
ahead of the flame by determining 
with a spectroscope the discontinu- 
ities which resulted from absorp- 
tion of light frequencies within the 
charge. This was done through 
windows on opposite sides of the 
combustion space. with a light of 
continuous spectrum in front of 
one window and a spectroscope in 
front of the other (51, 52, 53). 
Measuring the temperature of the 
inflamed gases in the engine. This 
was done through windows on op- 
posite sides of the combustion 
space. with a_tungsten-filament 
lamp, the temperature of which 
could be varied at will within 
known limits, in front of one win- 
dow and a spectroscope in front of 
the other. With a trace of sodium 
in the charge, the temperature of 
the lamp filament at which the 
sodium line reversed in the spec- 
troscope from a bright line of 
emission to a dark line of absorp- 
tion was determined (54). 
Making high-speed motion pic- 
tures of knocking and non-knock- 
ing engine combustion. From these 
records and simultaneous pressure 
cards, volume of charge inflamed 
was related to mass burned and 
mass burned to pressure devel- 
oped. The pictures were taken 
through a quartz window forming 
the entire ceiling of the combus- 
tion chamber by means of a spe- 
cially constructed camera arranged 
to take 30 successive pictures at 
2.4 deg. intervals of events during 
the burning of a single charge, 
while a simultaneous record of 


pressure changes was made by 
means of an engine indicator (55, 
39, 00) .° 
8. Studying the possible place of free 
radical chain reactions in the com- 
bustion of hydrocarbons. The re- 
actions with representative hydro- 
carbons of free radicals—resulting 
from the decomposition of tetra- 
ethyl lead and other substances- 
were studied and correlated with 
the knocking characteristics of 
various hydrocarbons (61, 62). 
Just a few of the items of knowledge 
that have come out of these several 
efforts to pry into the secrets of com- 
bustion are the following: 
|. The rate at which flame travels 
through the charge following igni- 
tion increases with engine speed, 
and just about in proportion to it. 
lt is this fortunate circumstance 
which makes it possible to run 
engines at very high 
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vasoline 

speeds. 

Phe combustion of fuel completes 

itself within the narrow moving 

hand which may be considered as 
the flame front. 

3. Knock is accompanied by, or is 
preceded by, self-ignition of the 
charge ahead of the advancing 
flame front. Following such forma- 
tion of fire out ahead of the nor- 
mal flame, that final portion of the 
charge is consumed with extreme 
rapidity. 

1. The chemical changes that occur 
within the zone of charge ahead 
of the flame to produce the self- 
ignition causing knock are far 
from being fully understood, but 
one of the compounds formed in 
the process is formaldehyde. 

5. The extremely rapid combustion 
of the final part of the charge when 
knock generates abnor- 
mally high pressures in the en- 
gine. It may also produce violent 
pressure waves within the hot gas. 
Those pressure waves have exact- 
ly the same frequency as that of 
the metallic sound of knock which 
is heard outside, and the freque acy 
varies with the dimensions of the 
combustion space and with the 
temperature of the gas. 

6. The highest gas temperature in the 
burning charge is not in the flame 
front itself, but in the luminous 
eas behind the flame. This is equiv- 
alent to saying that the highest 
temperature is not in the fire but 
in the ashes. That apparent para- 
dox is believed to be explained by 
the further compression of the hot 
eas behind the flame as the burn- 
ing of the charge progresses. 
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It was for their paper in 1988, reporting a 
part of this research (Ref. 58), that the first 
Horning Memorial Award was made to Gerald 
M. Rassweiler and Lloyd Withrow. 
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The temperatures reached within 
the gases during combustion are 
extremely high—over 4000 deg F; 
and, in the case of knocking com- 
bustion, about 4500 deg. The lat- 
ter temperature is higher than the 
boiling point of iron. 


There is a definite relationship be- 
tween volume of charge inflamed 
and mass burned and _ between 
mass burned and pressure devel- 
oped. when piston motion has been 
taken account of. This means that, 
when accurate pressure cards can 
he obtained, those relationships 
can be derived directly from pres- 
sure cards. 


aa 


Conclusion 


Finally. it must recognized that all 
these investigations of fuels and how 
they burn in engines, although fairly 
extensive in scope, have not yet yielded 
a thorough understanding of the sub- 
ject. They have produced no explana- 
tion of why the structure of a hydro- 
carbon influences the way it burns in 
respect to knocking behavior, of why 
an antiknock agent exerts the remark- 
able effect it does, nor of many other 
factors. Fact is that we are still a long, 
long way from having attained a com- 
plete understanding of what happens 
when fuel burns in the gasoline engine. 

The incentive for further research 
on fuels and engines is far greater than 
merely that of advancing the knowl- 
edge of the subject. It rests on the base 
of the huge economic gains realized 
out of the investigations conducted 
thus far, and on that of the similar 
henefits still in prospect. Just since 
1930 the efficiency of the average auto- 
mobile engine, measured in ton miles 
per gallon, has been boosted by 30 per 
cent or more (44), On the huge gaso- 
line bill of the nation today, that im- 
provement represents a yearly saving 
to the public of more than two billion 
dollars. In terms of conservation of 
our valuable resources of petroleum, 
that same saving represents all the 
gasoline to be obtained from the out- 
put of about 1500 oil wells each pro- 
ducing a thousand barrels per day. 
Furthermore, as has been shown in 
the recent research on still higher com- 
pression automobile engines reported 
above, there is at least another 30 per 
cent gain in economy to be had, when- 
ever the fuels required for it can be 
provided in a commercially practic- 
able manner. And even this is prob- 
ably not the end at all. These are the 
considerations that justify the continu- 
ation of vigorous research on fuels 
and engines, the quest and conquest 
which it is the purpose of the Horning 
Memorial Award to help stimulate. 
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Cross-section of Cooper- 
Bessemer LSV diesel (15!/,” 
bore, 22” stroke) showing 
rugged, compact design and 
articulated connecting rods. 
Features include, large 
131/."" diameter counterbal- 
anced crankshaft, unusual- 
ly low bearing pressures, 
and exceptionally low head 
room. 





Announcing of the famous 
COOPER-BESSE PE LS ENGINES 


FEATURING @ Unequaled space, installation and operating econ- 
omies @ Compact 12 and 16 cylinder sizes @ Up to 3,400 horse- 
power @ Full diesel, gas, gas-diesel operation ... supercharged or 


atmospheric 


EL- GAS-DIESEL ENGINES 


¢ 


Washington Bradford, Pa. Parkersburg, W. Va. San Francisco, Cal. Seattle, Was ° 
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Another Example 


at Lower Cost 








T IS well known that users of 

Cooper-Bessemer in-line LS en- 
gines have profited by engine per- 
formance seldom equalled in the 800 
to 1700 hp class. 


Now, the LS “V” design offers double 
the power in practically the same 
space, while retaining the excep- 
tional stamina, high efficiency and 
low maintenance characteristic of 
LS operation. Today, no compa- 
rable engine offers as favorable 
a power-to-space 
ratio. 


The advantages are 


of obvious. Total power 
Lificient Power 


requirements can be 
met with fewer or 
smaller engines, per- 
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mitting big direct savings in the cost 
of buildings, foundations, installation, 
over-all operation and maintenance. 


Like the in-line LS, the LSV is built 
as a full diesel, gas-diesel or spark- 
ignited gas engine. If your interest 
lies in full or partial gas operation, 
bear in mind that Cooper-Bessemer 
gas-diesels offer exceptional effi- 
ciency over the entire load range... 
and that Cooper-Bessemer spark- 
ignited gas engines can now be 
supercharged, permitting sensa- 
tional new economies compared 
with ordinary gas engines. 


So if your power requirements fall 
in the 2,500 to 3,400 hp range, don't 
fail to check with-the nearest Cooper- 
Bessemer office on the LSV. 






Cooper-Bessemer 16-cylinder 
LSV gas-diesel, rated 3,400 hp 
at 327 rpm, mounted on flat car 
ready for shipment. As shown, 
complete factory-tested engine 
can be shipped as a unit with- 
out any disassembly. 


Cooper-Bessemer 


MOUNT VERNON, OHIO AND GROVE CITY, PENNA. 


e, Was °uston, Dallas, Greggton, Pampa and Odessa, Texas 
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SAND-BANUM SPECIAL 


Removes and Prevents 
Rust and Scale in ALL 
Radiator Cooling Systems 


SAVES 
Time — Money — Gas — Oil 


Increases Engine Efficiency 


Reduces Maintenance Costs 


SAFE CONCENTRATED TABLETS 


Absolutely Harmless to Personnel 
and Equipment 


NO Acids —NO Neutralizer 
ee e@ 
Similarly Effective for Boilers 
SAND—BANUM STANDARD 





In World-Wide Power Plant Use 
Since 1926 


Send for Literature on either 
or both. 


Stocked by 
Leading Supply Houses 









AMERICAN SAND: Banum Co: 
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In 1944 there were... 2/5 
In 1948 there were .. . 500 


and as of May 1950 there are more than 
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Have Oil Imports Influenced Drilling?* 


Standard of California’s Board Chairman Maintains That Imports 


Have Not Endangered Sound Condition of Domestic Industry 


| weLcome the opportunity to appear 
before your Commission to present 
statistics which, it is hoped, may con- 
tribute to a continued, sound solution 
of your problems in determining al- 
lowables for future oil production. 


You have asked us to estimate as 
best we can the amounts of crude oil, 
gasoline, and heating oil that will be 
necessary as of two specific dates to fill 
this country’s pipe lines and to pro- 
vide adequate storage and ample 
working stocks. Our estimates for the 
United States are as follows: 


Total April 1, September 1, 
barrels 1950 1950 
Crude oil 250,000,000 250,000,000 
Gasoline 125,000,000 105,000,000 
Distillates* 35,000,000 70,000,000 


*(Includes heating oils other than resi- 
dual fuel.) 


These necessary stock levels have 
been estimated by observing actual 
low levels that were attained in recent 
years, altered by subsequent demand 
trends and seasonal requirements for 
the particular products involved. 

The foregoing figures for crude oil 
are the same for both periods. Al- 
though refinery demand for crude 
varies seasonally, crude supply has 
been made available currently to meet 
these variations, making‘ unnecessary 
seasonal accumulations of crude. It 
should also be pointed out that the 
September estimate on distillates as- 
sumes normal weather next winter: 
any variance therefrom could make 
such stocks either inadequate or ex- 
cessive. 

As to anticipated imports of crude 
oil by domestic subsidiaries of Stand- 
ard Oil Company of California, it is 
expected these will average 25,000 bbl 
a day of refinable crude and 8000 bbl 
a day of special asphalt crude for the 
last © months of 1950. The special 
asphalt crude arrives in greater quan- 
tities during the summer paving sea- 
son and in smaller quantities later in 
the year, but over the 6 months we 
expect to have total average crude im- 
ports of 33.000 bbl daily. 

Our total crude requirements are 
121,000 bbl a day. To meet these re- 

*Statement before the Oil and Gas Conserva- 
tion and Proration hearing of the Texas Rail- 
road Commission, Austin, Texas, May 17, 1950. 


‘Chairman of the Board, Standard Oil Com- 
pany of California, 


A-50 


R. G. FOLLIS* 


quirements we utilize 237,000 bbl of 
our own production, 151.000 bbl of 
domestic purchases from many inde- 
pendent companies, and 33,000 bbl of 
imports. Our imports represent about 
8 per cent of our total requirements. 
On the other hand, our total exports 
(excluding Alaska and Hawaii) dur- 
ing the last half of 1950 are expected 
to be 43,000 bbl per day, or 10,000 
bbl a day more than we import. 

If imported crude oil were cur- 
tailed, the advantages desired from 
such a step by the domestic producers 
would be largely nullified in our case 
because the pressure to preserve Amer- 
ican-owned foreign concessions would 
tend to force the use of these crudes 
to supply our export market directly. 
Furthermore, any shift in this direc- 
tion would be most undesirable from 
the viewpoint of the domestic refining 
industry. 

We have consistently taken the posi- 
tion that imports of petroleum should 
supplement, but not supplant, the pro- 
duction of a sound and healthy domes- 
tic oil economy. Our nation’s military 
security is dependent upon its long- 
range reserve position, which can 
best be protected through the develop- 
ment of world oil resources by United 
States nationals and through the pres- 
ervation of our domestic reserves by 
reasonable use of foreign reserves. We 
believe that imports should not be 
restricted by legislative action unless 
there is evidence that the industry is 
no longer able to carry on the vigor- 
ous and aggressive program of ex- 
ploration and development which is 
necessary if it is to meet the nation’s 
requirements in peace or war. 

We realize that curtailing large 
quantities of crude has had a material 
economic effect on some segments of 
the industry. Nevertheless, as a result 
of the magnificent job that state regu- 
latory bodies. particularly your Com- 
mission, have done. we have discov- 
ered no evidence that the sound and 
healthy condition of our domestic oil 
industry as a whole has been endang- 
ered by the current volume of imports. 
For a number of months repeated 
statements have been made that the 
high level of imports has discouraged 


exploratory and drilling activity in 
this country, thereby endangering our 
future national security through fail- 
ure to continue to develop sufficient 
reserve capacity for use in an emer- 
gency. | have before me some recent 
and authoritative figures that contra- 
dict such statements. 

The official weekly drilling statistics 
of your Commission for the week end- 
ing May 6, 1950 show that in 1950 to 
date, compared with the same period 
in 1949, new oil fields discovered in 
Texas increased by 23 per cent, the 
number of oil wells completed by 19 
per cent, and the number of drilling 
applications by 24 per cent. Looking 
at the same period in 1949 compared 
to 1948, we find that similar large in- 
creases had occurred. 

For the country as a whole, numer- 
ous statistics are available that show 
a similar upward trend. According to 
a report prepared by the American 
Association of Petroleum Geologists 
on exploratory drilling in the United 
States, a summary of which appeared 
in the April 1950 issue of The Petro- 
leum Engineer, 9058 exploratory wells 
were drilled in this country during 
1949, compared with only 8013 dur- 
ing 1948—a gain of 13 per cent. In 
the preceding year of 1947, only 6775 
such wells were drilled. 

According to the April 1950 edition 
of World Oil there were 6176 well 
completions in the United States dur- 
ing the first two months of 1950, com- 
pared with only 5536 during the same 
period of 1949—an increase of almost 
12 per cent. The footage drilled in 
these wells increased by 15 per cent. 
The number of wells drilled in the 
corresponding 1948 period was ap- 
proximately the same as in 1949. 

The above statistics are persuasive 
evidence that the expressed fears con- 
cerning reduced exploration and drill- 
ing activity as a result of imports are 
not well founded. It has now been well 
over a year since your Commission 
started to reduce allowable produc- 
tion, and it would appear that ample 
time has elapsed to determine whether 
incentives to explore and drill for oil 
have been diminished as a result of 
imports. The fact that exploration and 
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drilling have increased by the consid. 
erable percentages shown above re. 
futes the arguments of those who have 
been insisting that such activity has 
been dangerously curtailed. 

Here in Texas our subsidiary, 
Standard Oil Company of Texas, is 
actively searching for crude and de- 
veloping its reserves. This year it ex- 
pects to invest over $15,000,000 in 
exploratory and development pro- 
grams and to complete an average of 
more than 10 wells a month. It is pro- 
ducing approximately 30,000 bbl a 
day in Texas from more than 30 fields. 
In addition to this production, our 
East Coast subsidiaries are purchasing 
and shipping out of Texas more Texas 
crude oil than ever before in their 
history. Currently, this amounts to 
16.700 bbl daily as compared with 
7700 bbl daily in 1949, 

During the past 5 years. the num- 
her of persons employed by Standard 
of Texas has increased 50 per cent. its 
payrolls have more than doubled and 
its capital expenditures have more 
than trebled. 























On the other hand, over the past 
few years our expenditures in Vene- 
zuela have decreased from $26 million 
in 1948 to $17 million in 1949. and 
to $6 million this year. The number of 
employees has gone from 1304 in 1948 
down to 347 in 1950. Likewise. the 
capital expenditures and employment 
of our Middle East affiliates have de- 
clined sharply. 

















In summary, let me repeat that the 
amount of oil that Standard Oil Com- 
pany of California expects to import 
during the last half of 1950 is a very 
small fraction of its total require- 
ments. Our anticipated imports are 
only about 4 per cent of the present 
level of total imports. Furthermore. 
our imports are more than offset by 
exports of crude and products to our 
foreign affiliates and others. From the 
evidence available to date, imports 
have not impaired the ability of our 
domestic oil industry to maintain vig- 
orous exploration and development 
activities. Moreover. in view of ihe 
economic and other factors which con- 
trol their policies. we find it difficult 
to believe that domestic oi] companies 
will increase their imports to the point 
where they will adversely affect this 
situation, We believe that the complex 
and dificult problem of imports can 
hest be solved by voluntary action on 
the part of the industry. In our opin- 
ion. the imposition of legislation de 
signed to control imports would estab- 
lish a dangerous precedent and lead 
ultimately to federal control of the 
entire economic status of an industry. 
which so far has remained relativel) 
free of federal regulation. * * * 
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Equipment and Techniques 
for 20,000-Ft Drilling 


Problems connected with deep 


drilling are studied by API group. 


JOHN M. PAYNE* 


T ue nev er-ending search for new pe- 
troleum reserves has necessitated 
drilling to increasingly greater depths, 
and. with oil now being produced 
from below 15,500 ft, it seems in- 
evitable that the need for 20,000-ft 
commercial drilling will develop in 
the near future. Many equipment limi- 
tations already have been reached in 
drilling the record wells of today, and 
it is becoming more and more evident 
that deep drilling is an exact science 
for which the equipment must be care- 
fully engineered if it is to de a specific 
job. Although one rig has successfully 
drilled to more than 20,000 ft in one 
locality, drilling in different localities, 
as well as completing a well at that 
depth all within a reasonable 
amount of time and expense ——- may 
offer a large number of problems that 
as vet have not been solved. 


TUBULAR 


The selection of drill pipe and casing 
is one of the most important considera- 
lions involved in the investigation of 
20,000-ft drilling. Their sizes and 
weights must first be determined as a 
basis for hoisting loads, pump require- 
ments, rotating loads, hole sizes. and 
many other related factors. 


Casing 

Before the casing strings can be de- 
signed, the conditions to be encoun- 
tered at depths of 20,000 ft must be 
carefully considered; and the design 
must be such as to allow for the ex- 
tremes that might be anticipated. The 
subsurface pressure is normally taken 
to be 14 psi per foot of depth: the 
maximum abnormal pressures might 
he equal to the weight of the over- 
burden, which is 1 psi per foot. A re- 
cent completion in the Mississippi 
Delta is producing oil from a depth 
of 13.000 ft, with a calculated bottom- 
hole pressure of 12.635 psi based on 

‘Presented to a Division of Production 
Group Session during the 29th Annual Meet- 
ng of the American Petroleum Institute, in 
the Stevens Hotel, Chicago, Illinois, Novem- 


er 8, 1949. 
*Shell Oil Company, Kilgore, Texas. 


This paper reports the findings of 
a study group on deep drilling, a study 
conducted under the auspices of the 
Houston Chapter of the API Division 
of Production; 16 meetings were held 
during a period of 6 months, and more 
than 150 representatives of the users 
and suppliers of oil-field equipment 
and services attended and participated 
in the study. Eight co-chairmen, con- 
sisting of a user and supplier for each 
of four main topics, presided over the 
meetings, and they were responsible 
for the development of the information 
presented herein. The object of this 
study was not necessarily to solve all 
the problems connected with 20,000-ft 
drilling but, rather, to find out what 
problems do exist in order that they 
may be referred to specialists in the 
respective fields for detailed study and 
development. 


GOODS 


the flowing tubing pressure of 7900 
psi. The temperature gradients vary 
for different localities; however, ab- 
normal temperatures amounting to a 
2.2 F rise per 100 ft is considered the 
maximum that should be ecountered: 
i.e., about 500 F at 20,000 ft. 

The mechanical factors that were 
considered in designing casing strings 
for 20.000-ft wells are as follows: 

1. Bursting Strength. Calculations 
are based on Barlow’s formula: 

P whi (0.875) 

D 
Where: 
P = internal yield, psi. 
S = minimum yield strength of 
steel, psi. 
T == wall thickness, in. 
1) = outside diameter of casing. 
in. 
0.875 =the percentage of values 
given in API Code 5-C-2. 

This formula is considered usable. 
inasmuch as the error is always on 
the safe side. and the deviation is 
small. 

2. Collapse. For the purpose of this 
study, the present API collapse for- 
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mulas are suthicient, but considerable 
revision is needed for high yield- 
strength steels. 

3. Tension. It is agreed that 100 
per cent joint strength is required, 
and this was used for making the de- 
signs. One company has a cold- 
worked modified API joint that will 
give this desired result. 

4. Buoyancy. This factor was neg- 
lected, 

5. Bi-Axial Stress. Inasmuch as the 
lower portion of a string of casing 
when run into a hole is in compres- 
sion (as proved hereinafter). it is 
shewn that collapse resistance is not 
lowered below the neutral point. 
Above the neutral point, actual col- 
lapsing pressures have been reduced 
to a point where the effect of tensile 
forces on collapse resistance of the 
casing is not critical. Inasmuch as 
buoyancy was neglected, it was 
deemed unnecessary to apply bi-axial 
loading correction. 

The following is offered as proof 
that the lower portion of a tubular 
string that is suspended in a liquid is 
in compression : 

Fig. 1 has been drawn for assist- 
ance in finding the neutral point. In 
explanation, assume the string to be 
composed of staggered sections, as 
shown in Fig. 1. The neutral point 
is at m—n at some distance x above 
the top of the nth section. For sim- 
plicity, assume all sections have the 
same length H. 

The net downward force (weight 
less buoyancy) for each section is: 

(d—w) AH 
Where: 
\ — cross-sectional area. 
d = density of the steel. 
w = density of the mud. 

The sum of the net downward 
forces for the n sections below m——n 
is then: 

n (d—w) Al 

The weight of the section x also acts 
downward, and is equal to x A d. 

The upward force in equilibrium 
with the total downward forces is 
the hydrostatic force F,,. which is 
equal to: 

A (L—nH) w 
where: L is the depth to the bottom 
of the string. 

Kquating the upward and down- 
ward forces: 

A (L--n H) W: 
n (d—w) AH + xAd 
Rearranging: 
Lw= (nH+x)d 

But n H + x equals y equals dis- 
tance of the neutral point above bot- 
tom. 


Solving for v. 
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BAKER 


Cement 
Wash-Down 
Whirler 
Float Shoe 


PRODUCT NO. 120 


as being / 
outstandingly & 


the BEST 





The story of BAKER SUPERIORITY began 27 years 
ago, and continues through the years with one improve- 
ment after another. Baker pioneered in using friable 
(easily drillable) materials for the internal construc- 


tion of shoes and collars; pioneered in using phenolics 
(plastics) for the construction of the valve assembly. 
And, with experience over a 27-year period, Baker 
naturally possesses a superior knowledge of design, 
construction and operation of cementing equipment, 
and how such equipment should be used to secure suc- 
cessful, “first-time” cementing results. 

Proof that the Baker Cement Wash-Down Whirler 
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A SEAMLESS 
STEEL SHOE 
in which a strong 
concrete plug and 
plastic valve assembly 
are securely anchored 
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to fit any style casing 
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a resilient valve seat 
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WASH-DOWN 
WHIRLER PORTS 
whirl the cement slurry 
and provide uniform 
encasement of the 
casing with cement 








Float Shoe (Product No. 120) is “BEST” is evident 
from thousands of perfect cementing jobs—under every 
type of field condition. You can easily secure additional 
proof on your next job. 

There are dozens of products in the complete Baker 
line, ready whenever and wherever you need them— 
and remember also that Baker Service Engineers are 
available everywhere to recommend the proper com- 
bination to make your every job successful. The typical 
combination illustrated and described on the opposite 
page, solves many cementing problems—and may be 
ideal for your next job. 
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d 
which is the same result obtained for 
a straight string. Each of the sections 
below the neutral point is in compres: 
sion, because the tension load applied 
by the effective weight (weight less 
buoyancy) of the sections below it is 
insuflicient to offset the compression 
load produced by the pressure. which 
acts on the free ends. 

lt is illuminating to consider this 
matter from another viewpoint. as il- 
lustrated in Fig. 2. This shows a string 
connected by links, or chain, ete., 
which leaves a space between the sec- 
tions so that pressure has access to the 
ends. In this respect, this ¢tructure is 
similar to the staggered string. Now 
it is seen that the hydrostatic forces 
IF. F,. ete., occur in pairs that are 
equal and opposite. so that in a sum- 
ming up of the vertical forces they 
cancel out. Further, this structure 
would have a neutral point in a con- 
tinuous length of pipe. It does not 
make any difference how the sections 
of pipe are assembled: the neutral 
point exists, and it is always at the 
same place for a given depth and 
weight of mud. In fact. we have, in 
threaded and coupled casing, a situa- 
tion something similar to Fig. 2. The 
ends of the pipe inside the coupling 
are acted upon by hydrostatic forces. 
hut they merely set up counteracting 
forces in the J distance of the cou- 
pling. They have no effect on the 
existence or location of the neutral 
point. 


\ 


6. Temperature. No ill effects on 
the strength of the steel are antici 
pated from bottom-hole temperatures 
as high as 500 F. 

re Surface Pressure. For purposes 
of design. a pressure gradient of | 
psi per foot of depth was used: i.e.. 
20.000 psi at 20.000 ft as abnormal 
pressure. The maximum surface pres- 
sure under these conditions would be 
approximately 14.000 psi. 

By using the factors as outlined 
hereinbefore. the following casing de- 
signs were developed: 


1. 20.000-ft 5¥o-in. casing — string 
(oil). 

Based on 
110,000) psi minimum yield 


strength: 115.000 psi average 
vield strength: and 120.000 psi 
ultimate yield strength. 

100 per cent joint strength (ten- 
sion safety factors based on pipe- 
wall strength. ) 

Not corrected for bi-axial loading. 
Safety factors: 1.125 minimum in 
collapse, and 1.9 minimum in ten- 
sion. Salt water was used in caleu- 
lating the safety factors. 
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Suspended tubular string. 


Bursting strength: 14.000 psi ot 
hetter. unless otherwise noted. 


2100 ft—23 Ib Gop) 

2500 ft- -20 Ib 

9500 ft——17 Ib (ultimate in 
bursting. 13.500 psi) 

LOOO ft-—20 Ib 


1900 ft—23 Ib (bottom) 
_ overall weight 385.200 Ib 
2. 20.000-/t 7-in. casing string (oll). 
Conditions same as for 5!-in., ex- 
cept that safety factor for ten- 
sion was raised to 2, which is 
considered the desirable mini- 


mum: 

1150 ft- -38 tb (top) 
1350 ft- 35 Ib 

1500 ft 32 lb 

1700 ft—29 lb 

TOOO ft 26 tb (ultimate in 
bursting. 12.400 psi) 

2600 ft—29 lh 

2400 ft—32 lb 

2300 ft—35 lb (bottom) 


002.950 Ib 
3. 13.000-/t 9% -in, casing string (in- 
termediate ). 


overall weight 


Conditions same as for 7-in. 
6400 ft— 43.5 lb (ultimate in 
bursting, 10.850 psi) (top) 
L900 ft-—47 Ib 
2700 ft—53.5 lb (bottom) 

overall weight—-599.150 Ib 
1. 7000-ft 13% ¢-in, casing string 
(surface). 


Annual, 1950 


Conditions same as for 7-in.. ex- 
cept vield strength. 
In the design of this string, the 
D 


limits were defined hy the 


ratio that must, regardless of 
vield strength, fall at or below 
the value 23.232. Any value 
above this figure will fall be 
yond the limits defined by the 
elastic curve. Grade N-80 steel 
will suflice for a 7000-ft string, 
as follows: 


\ plain-end weight of 78.736 lb 
was established. this weight hav- 
ing a wall thickness of 0.576 in. 
a D 
This gives us the required 

ratio of 23.232. Approximate 
threaded and coupled weight of 
this casing would be 80 lb pet 
foot. 


Overall weight based on 80 Ib 
per foot is 560,000 Tb. 


The foregoing typical casing strings 
represent only the preliminary work 
that needs to be done along this 
line. Strings of 6-in., 6°%.-in., 7° -in.. 
O°¢-in., and 1084-in. also may be re- 
quired for 20,000-ft casing programs 
in various oil-producing areas. The 
9 .-in. casing that is designed only 
to a depth of 13.000 ft might be used 
for a 15,000-ft string, and it would 
weigh in excess of 700.000 Ib. A 75x,- 
in. string run to 20,000 ft) would 
weigh in excess of 750.000 Ib. In or- 
der to design the remainder of a 20.- 
OO0-ft drilling rig. a casing load of 
20.000 ft of 40-Ib pipe. viz.. 400 tons. 
should be used. 


Tubing 

In designing 20,000-ft tubing 
strings, it would appear that using a 
single weight .and grade of tubing 
would necessitate the use of a steel 
with a minimum yield strength of 
145.000) psi, viz... some 35.000. psi 
higher strength than now being con- 
sidered for the 20.000-ft casing 
strings, This is based on a safety fae- 
tor in tension of 2. which is hardly 
considered sufficient to allow for fish- 
ing jobs, pulling of packers, etc. How- 
ever, it is entirely possible that im- 
provement in hydraulic pulling tools 
will tend to decrease the tension safety 
factor required for tubing. In regard 
to the bursting strength of tubing, it 
is helieved that Barlow's formula 
should be used. As tapered tubing 
strings appear to be the answer here. 
this problem was not considered by 
this study group. 


Drill Pipe 
Drilling to 20.000 ft with security 
will require stronger drill pipe than 
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the present API grade “E,” which has 
a minimum yield strength of 75,000 
psi. One manufacturer is producing 
small quantities of drill pipe made 
of SAE 4340 steel, which has a mini- 
mum yield strength of 105,000 psi, By 
applying the same design factors to 
drill pipe as outlined previously here- 
in for casing and tubing, a string of 
b14-in. 20-lb drill pipe made of a 
105,000-psi-minimum-yield-strength 
steel might be used for 20,000-ft. drill- 
ing. If the hole size is sufficient, a 
string of 5'%-in. 25-lb drill pipe of 
105,000-psi-minimum-yield-strength 


steel also might be utilized to total 
depth. Torsional strain is an impor- 
tant factor which should be consid- 
ered; and, although 314-in. 1514-lb 
drill pipe could be used to 20,000 ft, 
the chances of twistoff are much 
higher than when the larger-diameter 
drill pipe is used. Of course, the selec- 
tion is limited,to hole size, and tapered 
strings may prove to be the solution. 
At any rate, a drilling string of at 
least 20,000 ft of 25-lb pipe; i.e., 250 
tons, should be used in designing for 


rig loads and power requirements for 
20.000-ft drilling. 


PRIME MOVERS AND HOISTS 


Determining Factors for Hooks 
and Hoist Capacity 


The maximum hook loads antici- 
pated are 250 tons for drilling and 
100 tons for running casing. The drill- 
ing load is the key factor, however. 
Casing loads can be taken care of by 
additional lines and slow speeds, 
whereas drilling loads involve fewer 
lines and greater speeds. We should 
assume derrick heights of 185 ft or 
more for 20,000-ft drilling operations. 
For casing jobs, the drum should be 
capable of spooling 15¢-in. line for 12 
lines down on the drum. The drum 
should be grooved, and should be wide 
enough to lift the kelly and to drill a 
joint of pipe and still be on the first 
layer of rope. This suggests a definite 
need for revision of hoist design. A 
drum 42 in. in diameter and 96 in, 
wide would have suflicient capacity for 
the wire rope to be on the second layer 
when an 8-line block, elevated to the 
top of a 135-ft stand of pipe, is used. 
For the design of the hoist, the mini- 
mum speed off bottom should be 100 
ft per min. If we assume that heavier 
wire rope will give a life comparable 
to that of present size, we get 3.75 as 
the static safety factor on wire rope to 
be used for deep drilling. This safety 
factor is based on the formula: 

(no. of block lines) (breaking load) 
hook load 
it does not include sheave-efliciency 
losses. For drilling, 8 lines should be 
used at first, and the well should be 
finished with 10 lines. For the run- 
ning of casing, 12 lines must be used. 
Based on a 250-ton hook load with a 
sheave-elliciency loss of 2 per cent, the 
drilling wire line load would be 74.500 
lb for 8 lines, or 62,500 Ib for 10 lines. 
Even when a 6 by 19 1%,-in. wire line 
is used (which is the largest line avail- 
able at present), the safety factors for 
these drilling loads are only 2.9 and 
3.47, respectively. If a static safety 
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factor of 3.75 is used, without allow- 
ing for sheave-efliciency losses, the 
hook capacities for 8, 10, and 12 lines 
of 6x19 hempcenter improved plow- 
steel wire rope are as follows: 





Rope 
size Strength 
(inches) (pounds) 8 Lines 10Lines 12 Lines 
1% 129,200 278,000 346,000 416,000 
134 155,400 333,000 416,000 500,000 
114 184,000 390,000 487,000 585,000 


15g 216,000 450,000 562,000 675,000 








The drum diameters for the fore- 
going line sizes should be a minimum 
of 20 times the rope diameter, and, 
preferably, about 25 times the rope 
diameter. 

It is felt that the wire rope manu- 
facturers should develop a wire rope 
with more strength for a given dia- 
meter. It appears that the full effect 
of modern high-frequency heat treat- 
ing and annealing, and of super alloys, 
has not been fully developed; that the 
oil industry in particular has had limi- 
tations in design, and that this has 
prevented the use of larger-diameter 
rope or additional lines in the block. 
Every effort of concentrated research 
for wire ropes with higher strength 
should be encouraged by the indus- 
try. It is generally believed that at 
present 6 by 19 Seale construction 
rope, with either hemp or wire center, 
offers the best promise for deep drill- 
ing. The chief function of the wire 
rope center is to prevent the crushing 
of the rope; it is not primarily for 
additional strength. The published 
strength of IWRC* rope should not 
be used for calculating safe loads, but 
the strength of hemp-center rope 
should be used for this purpose. 

As a result of the foregoing com- 
ments, this letter was received: 

“API. WIRE ROPE MANUFAC- 
TURERS’ SUBCOMMITTEE 
TRENTON 2, New JERSEY 

“May 5, 1949 


*IWRC = independent wire-rope core. 


“Mr. W. S. CRAKE 
“Mr. T. H. Gress 


“We understand the following re- 
quest for information from a local 
API study group on deep-drilling 
practice, under the co-chairmanship 
of Mr. W. S. Crake, of Shell Oil Com- 
pany, Inc., Houston, and Mr. T. H. 
Gibbs, has been sent to a number of 
individual wire rope manufacturers: 

**Just what is the wire rope indus- 

try doing toward developing a ro- 

tary-drilling line with wires of a 

higher tensile strength? Has there 

been any consideration of using a 

wire other than carbon steel? What 

are the known possibilities of alloy 
wires incorporated into wire rope? 

What will the physical properties of 

alloy-steel wires be? Operators are 

cognizant of the fact that safety 
factors of 5 will probably not be 
able to be maintained. What would 
be minimum safety factors recom- 
mended using maximum hook load 
of 500 tons for casing operations? 
250 to 300 tons maximum drill-pipe 
load with maximum fast line speeds 
of 4000 ft per minute? It should 
also be considered that present diam- 
eter of drums and sheaves will be 
revised upward in design of new 

rigs. Drums to be a maximum of 42 

in., and fast sheave to approximate 

6-ft diameters.’ 


“Since the API Wire Rope Manu- 
facturers’ Subcommittee has been giv- 
ing active consideration to the prob- 
lem of greater depths to which wells 
are currently being drilled (in which 
connection our committee has also 
asked other API committees to coop- 
erate in the study by supplying needed 
information which we believe would 
be helpful in these studies), we are 
taking the liberty of replying to this 
questionnaire after having developed 
the consensus of our committee hear- 
ing upon the questions as outlined: 
“1. Development of Drilling Lines 

with Wires of Higher Strengths. 

“Higher-strength ropes than those 
currently used as rotary-drilling lines 
have been made, but such ropes have 
generally been confined to specialized 
service of a much different character 
where the strength-weight ratio is an 
important factor. 

“It is to be noted that in this service 
the stress to be negotiated by the rope 
is principally of the nature of a 
straight pull as distinguished between 
the combination of axial loading and 
surface bearing pressures (resulting 
from drum and sheave action) in a 
rotary-drilling rig. 

“There is danger that a considerable 
increase in the strength of wires. such 
as may be expedient in the case of 
rope subject to a straight pull only, 
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might result in loss of rope life in 
applications in which ropes are sub- 
jected to a more complex system of 
working, such as applies to a rotary- 
drilling rope. In the latter service it is 
of utmost importance to build a rope 
of wires that has a high degree of 
capacity to withstand the peening ac- 
tions of bearing pressures and addi- 
tional cold work imposed by the forces 
acting on the rope as a result of drill- 
ing service. The remarkable perform- 
ance currently being realized from 
standard improved plow-steel rope 
supplied by American manufacturers, 
as compared with the reperts of lesser 
service obtained from some foreign- 
made rope of somewhat higher strength 
(as one point of difference), appears 
to support our belief that our Amer- 
ican practice of giving attention to 
other features than merely increasing 
rope strength, regardless of those other 
features, is the correct approach to 
the overall problem. 

“2. Alloy-Steel Wire. 


“During the past four or five dec- 
ades a number of trials of alloy steel 
in rope wire have been made. The 
service results, however, have been 
disappointing. This probably is due 
to the fact that alloy steel does not 
have the same capacity to withstand 
the plastic cold flow in wire drawing 
as is possessed by carbon steel of a 
grade to produce wire of equivalent 
(or even higher) strength; i.e., the 
alloy steels appear to work-harden 
more rapidly. The stainless alloy steels 
are a good example of this; the justi- 
fication of stainless-steel wire is found 
where the problem of corrosion is so 
much a factor that a sacrifice of the 
other characteristics possessed by 
plain carbon wire is in order. More- 
over, alloys are usually added to steel 
principally to increase depth-harden- 
ing in heat treatment. This is important 
where the cross-section is relatively 
large; in the case of wire, however, 
the cross-sectional dimension is so 
small that this advantage becomes of 
very little relative importance and, in 
fact, is entirely unnecessary. 

“3. Safety Factors. 

“A safety factor of 5 is mentioned 
in this questionnaire. Our committee 
has suggested a safety factor of 4, 
with a minimum of 3.5 desired, in the 
belief that, if such could be provided 
by the design of drilling rigs, safer 
and more economical rope service 
would result from the use of improved 
plow-steel rotary-drilling lines than 
would be realized from the use of 
higher-strength ropes, even though 
the arithmetical safety factor appears 
to be higher. 


“Larger drum and sheave diam- 
eters, together with larger rope diam- 


eters, will diminish the unit bearing 
pressure, and could reasonably be ex- 
pected to enable the use of more 
moderate safety factors without seri- 


ous reduction in rope life. We, at this 


point, feel justified in calling attention 
to the fact that, in engineering, safety 
factors can only serve as a guide in 
design, and that frequently it becomes 
expedient, from an overall standpoint, 
to not allow ourselves to be bound 
too closely by an arbitrary safety 
factor. We have in mind the flexibility 
observed by oil-country engineers in 
the design of casing strings for these 
same deep wells. If we make calcula- 
tions on the basis of the catalogue 
strength of 6x19 improved plow-steel 
IWRC rope, and on the basis of a 
maximum line load on a 12-part line 
carrying a hook load of 300 tons of 
drill pipe, the safety factor for 114-in. 
6x19 IWRC rope would be in the order 
of 3.10; for a casing load of 500 tons, 
the same rope would have a safety 
factor in the order of 1.85, or 2.09 for 
a 14-part line. A 15¢-in. 6 by 19 IWRC 
improved plow-steel rope, reeved as a 
12-part line, would have a safety fac- 
tor in the order of 3.60 for a 300-ton 
drill-pipe load, and of the order of 
2.16 for a 500-ton casing load. Since 
the predominant working life of a 
rotary-drilling rope is involved with 
the drill-pipe load, we would be in- 
clined to base calculations on that 
load rather than on the more infre- 
quent load application encountered in 
running casing. These suggested cal- 
culations of safety factor are based on 
the following catalogue strength of 
IWRC wire rope, in pounds: 


‘Rope Diameter 


(Inches) Strength 


ll, _. 138,800 
136 ...... | 167,000 
1l/, _... 197,800 
156 _.... 230,000 


“Very truly yours, 
“API Wire Rope MANUFACTURERS’ 

SUBCOMMITTEE 

“A. J. Morcan, Chairman” 
**AJM:ms 

As mentioned previously, the study 

group feels that the foregoing safety 
factors, which are based on IWRC 
wire rope, should not be used for cal- 
culating safety loads. It remains to be 
seen whether sufficient rope life can 
be obtained when materially reduced 
safety factors are used in actual oper- 
ations. 


Brakes 

At present the largest brake flange 
is 62 in. in diameter with a 36-in.diam- 
eter spool, or a ratio of 1.72. An 84-in. 
brake could, therefore, have a 48-in. 
barrel. The rig size already exceeds 
the mechanical brake capacity to 
carry the full load, and drawworks 
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which are designed today require, as 
an absolute necessity, an assistance 
brake. Water cooling on the mechan- 
ical brake is satisfactory only between 
stands, and flame-hardening on the 
brake face is of insufficient assistance 
because the heat treatment is almost 
immediately removed by the heat 
from the braking action. Actually, the 
assistance brake is intended to be the 
primary brake in deep drilling; the 
mechanical brake is only supplemen- 
tal. A modern hoist should never be 
operated at full speed when the assist- 
ance brake is out of order. Additional 
engineering should be applied to the 
problem of connecting the assistance 
brake to the drum shaft, and it is 
essential that the assistance brake be 
carefully engineered for a_ specific 
hoist to do a certain maximum job. In 
order to take the load off the driller, 
the handling of the hoisting weight 
should be taken off the brake lever. 
Remote controls and air hydraulic 
controls will help ease this load— 
which now consists of the man’s 
weight times the lever arm. The brake 
should be self-energizing only to the 
extent that it will not “grab.” An air 
brake is needed to protect the hoist— 
with the brake equipped so that a man 
will be able to “limp along” in the 
event the air should fail. The heavy- 
duty brake rims should remain water- 
cooled, however. 


Drives 

For speed-increaser drives, speeds 
of 6500 ft per min—with lower chain 
safety factors—-are already in use. 
Chains lose efficiency at high speeds, 
but that does not hinder the braking 
because this loss provides a good 
means through which energy may be 
lost. In comparing chain drives to 
gear drives, it is felt that chain drives 
are more flexible. In order that gears 
may be used, and in order to avoid 
wearing out and replacement of these 
expensive parts, a complex and heavy 
gear case is necessary. Chain life has 
been, and still is being, improved, We 
feel that there is little justification or 
necessity for going to gear trains. 
Gears are satisfactory at high speed 
inside the drawworks, provided they 
have been engineered to suit the type 
of drive being used and provided they 
are still economical. Hydraulic and 
electric drives appeal to the user of 
gears because of their non-shock load- 
ing. Use of Morse-type chains should 
be considered as the nearest approach 
to gears. The maximum chain ratios 
should be no more than 4 to | at low 
speeds. A minimum of seven teeth 
should be in contact after the chain 
has reached the root position of the 
tooth on the sprocket. With regard to 
maximum chain speeds, it is felt that 
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good current practice is satisfactory. 
For satisfactory service, the minimum 
pitch diameter should be used only on 
low gear. Higher pitch diameters on 
high-speed drives give longer sprocket 
life. The present practice of selecting 
the minimum number of teeth is con- 
sidered satisfactory. Longer chain and 
sprocket life will be obtained by bet- 
ter lubrication. The chains should be 
totally-enclosed and_ flood-lubricated 
from a pump; this applies without 
exception on main drives. 


Clutches 


Jaw-and-spline subsidiary clutches 
should not be used for connecting 
loads except on shafts which actually 
have been stopped. All main clutches 
should be of the friction type. Inter- 
locks should be provided so that no 
two clutches on the same shaft can be 
simultaneously engaged. The high 
clutch, which takes tremendous shock- 
loading from transmissions when loads 
are started up, should have much 
higher heat dissipation than the low 
clutch, and almost the same load ca- 
pacity. For simplicity in operation, it 
is probably best to use identical 
clutches (high and low) unless hy- 
draulic or electric drives are used 
where practically no slippage occurs 
when connecting. Main load-connect- 
ing clutches should be friction, hy- 
draulic, or electric. Speed-change 
clutches preferably should be of the 
connecting friction type. and these 
can use high plate-loading and reduced 
heat-absorbing capacity because they 
would not be engaged under load. 
Consideration should be given to the 
use of electric eddy-current type of 
high-speed clutches because reduced 
maintenance would justify higher first 
cost. Connecting-type clutches—such 
as pump drives, engine-connecting 
clutches, and speed-change clutches— 
can use high plate pressures and re- 
duced sizes because of the low order 
of slipping loads to be carried. Slip- 
ping load-connecting clutches must be 
heavy, and they should use low plate 
pressures and high heat-dissipation 
factors. 


Number of Speed Steps 

a. Mechanical. \t is recommended 
that, for extra-heavy hoists, a mini- 
mum of eight speeds is required—and 
this in some form of geometrical ratio 
per step—in order to keep the area, 
which is bounded by each speed-chance 
step. constant under the constant- 
horsepower hyperbola. 


b. Hydraulic. Because, over the full- 
load operating range. a 2-speed hoist 
fits hydraulic torque converters which 
have approximately a 2.2-to-1 efficient 
operating range, only 2 speeds are re- 
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quired to give efficient coverage of op- 
erating loads. Emergency loads are 
provided by stalled or inefhicient oper- 
ation of converters. Auxiliary heat- 
exchanger capacity may be required 
in order to cool converters on emer- 
gency pulls at low efficiency; and an 
alarm, which signals overheated con- 
verter fluid, should be available in 
front of the driller. Speed-torque 
curves attain about 92 per cent of the 
ideal constant-horsepower hyperbola. 

c. Electrical. If the 200 per cent 
overload capacity of modern motors 
and generators is used for the hoist- 
ing-duty cycle, two speeds may be 
used for electric drive. If the motor 
horsepowers are doubled once again, 
and if, in addition, generator capacity 
is doubled so as to obtain a quadruple 
current rating, a single-speed electric 
hoist can be made, There seems to be 
no economic justification for the in- 
creased weight and size of such equip- 
ment; however, mechanical-efficiency 
increases would be more than offset 
by electrical losses in oversize gener- 
ators and motors. 

By use of the isochronous governor, 
100 per cent of ideal constant-horse- 
power hyperbola can be obtained. 
Conventional Ward-Leonard controls 
can approximate the ideal curve, and 
they will give about 92 per cent of its 
power. If a conventional single-motor 
drive is used, a 4-speed geometrically- 
spaced hoist is needed so as to keep 
as low as possible the area under the 
steps under the curve. 


- Overall Speed Ratios 

a. Mechanical. Because of the fact 
that, normally, engines cannot take 
full loads at less than 50 per cent 
speed without danger of stalling, an 
overall ratio from low to high should 
range between 12 to 1 and 14 to 1 in 
order to permit sensitive handling of 
heavy loads at low speeds. 

b. Hydraulic. The 2 speeds can be 
kept at about a 2-to-] ratio, thus giv- 
ing an overall efficiency ratio of ap- 
proximately 4 to 2 to 1. 

c. Electrical. A 2-to-| hoist ratio can 
he used with double-horsepower motor 
drive. A 4-speed hoist with a single 
motor can use a 4-to-] overall range. 

d, Steam. Current designs have an 
overall ratio approximately between 
1.6 to 1 and 5 to 1, inasmuch as there 
is little torque conversion on a steam 
engine except the droop of the speed- 
torque curve. 


Drive Efficiencies 


a. When the chain on high-speed 
drives is loaded heavily, a 5- to 7-per- 
cent loss per chain may be expected. 
The best assumption seems to be about 
93 per cent efficiency. at full speed 


and full load, per set of 2 shafts and 
| chain drive. 

b. Gears suitable for oil-field use 
would probably run 96 per cent eff- 
cient per set of gears and 2 shafts. 

c. Block-line losses run from 1 to 
2 per cent per sheave, including bear. 
ings: 114 per cent should be the figure 
for sheaves of good proportion which 
have roller bearings; 8 lines strung up 
would give about 10.3 per cent loss; 
10 lines. 13 per cent loss; and 12 lines. 
15.5 per cent loss. 


Transmission 


a. Mechanical. Assuming 7 per cent 
full-load loss per chain and shaft, 4- 
engine drive, and 5 chains in use to 
the average engine, about 69 per cent 
of the power reaches the cable; and, 
on an 8-line hookup. about 62 per cent 
reaches the hook. 


b. Hydraulic (2-speed hoist) 3-en- 
gine drive. Assuming 80 per cent mean 
eficiency of torque converters, 7 per 
cent loss per chain, and 4 chains to 
the average engine. 60 per cent of the 
power reaches the cable: and, on an 
3-line hookup, 54 per cent reaches the 
hook. Part of this is recovered by the 
possibility of running engines at 
higher revolutions per minute with 
hydraulic drive. 

c. Electrical (2-speed hoist). Assum- 
ing 94 per cent generator and 94 per 
cent motor efliciency. 2 per cent cable 
losses, and one chain in use at 7 per 
cent loss. 80 per cent reaches the cable: 
and, on an 8-line hookup, about 71 
per cent reaches the hook. 

d, Steam, Assuming 7 per cent loss 
per chain, 90 per cent mechanical efli- 
ciency of engine, and 3 chains in op- 
eration, 72 per cent reaches the cable 
on an 8-line hookup and about 65 per 
cent reaches the hook. 


Catshafts and Catheads 


As currently constituted, the best 
catheads perform satisfactorily. The 
need of eliminating catheads for pipe 
handling is still a pressing problem. 
however. Development of proper re- 
mote control of catheads should be 
pursued intensively. Means of apply- 
ing fixed torques to pipe makeup by 
controlled pneumatic or hydraulic 
pressures on operating cylinders are 
now available. and should be con- 
tinued. 


Coring Reels 

Probably 300 hp is ample for coring 
reels at any depth. In the case of an 
electric rig, the same electric motor 
which drives the rotary could satis- 
factorily handle the cathead shaft and 
the coring reel in one unit. It is rec- 
ommended that attention be given to 
the design of proper rotary-table cor- 
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ing-reel catshaft units that are re- 
motely operated from the driller’s 
position, which can be placed at any 
desired point. 


Rotary Drives 

li is probable that 300 hp is ample 
for the rotary drives. Independent 
drives are recommended. and electric 
drives are ideal because the sensitive 
torque control of an electric motor is 
much simpler than with a torque con- 
verter. A special generator to drive 
the rotary or rotary-catshaft coring- 
reel unit is probably the most flexible 
drive, and has the lowest possible 
maintenance cost. Bringing chain 
drives up to the floor from the ground 
level is easy neither for rigging up 
nor for maintenance. The position of 
the drawworks can be made to suit 
the hoist only if there is no mechanical 
connection to the rotary table. 


Emergency Hoisting 

Some form of emergency hoisting 
unit is recommended. The most prac- 
tical solution appears to be to provide 
about one-tenth to one-sixth of the 
horsepower of the main prime movers 
as emergency power, and to connect 
this to the main hoist through a torque 
converter. With modern hoists, it is 
almost inconceivable that a main shaft 
would break down, and it is believed 
that full-size, or even half-size. emer- 
gency hoisting equipment can never 
he economically justified. A special 
one-sixth-size deadline hoist might be 
justified to eliminate the possibility of 
any breakdown of a main clutch and 
to facilitate wire rope handling. 


Prime Movers and Transmission 

\s between gasoline, butane, 
and diesel engines, the trend on heavy 
rigs continues toward the diesel engine 
because of its economical operating 
costs, especially on wildcat wells. The 
dual-fuel gas-diesel engine has been 
cited as the most desirable type for 
vil-country use, although field runs so 
far have not demonstrated that satis- 
factory oil-field units are yet available. 
Natural gases with varying Btu con- 
tent and entrained liquids do not re- 
sult in a= satisfactory fuel. It was 
pointed out that, on idle running. 
diesel fuel of 15 to 20 per cent of total 
requirements usually means only a 40 
to 50 per cent total saving in the fuel 
bill because of low average load fac- 
tors on heavy rigs. So far the variable- 
loading and speed conditions on rigs 
are not conducive to good dual-fuel 
operation, although 3-per-cent injec- 
tion fuel is satisfactory on heavy con- 
stant-speed constant-load engines. The 
next best type of engine, i.e., more 
practical and longer established. is the 


gas, 


convertible engine. This may be at- 
tained by changing cylinder heads and 
pumps. or. preferably. by changing 
head parts without requiring opening 
up of engines to change fuel types. 
This general type would be converted 
to full- gas spark-plug engines in a field 
where gas fuel was more economical 
than diesel fuel. 


Horsepower for Hoisting 

lor exploitation drilling. there is 
no reason for departing from the con- 
ventional figure of “100 ft per min off 
bottom”: and this involves a 250-ton 
maximum hook load—which is about 
1600 hp, or, at the efhciencies pre- 
viously cited, an engine-shaft horse- 
power of about 2800, intermittent rat- 
ing. This figure may be dropped to 
73 per cent of this amount for wildcat 
rigs, i.e., an engine horsepower of 
2400; and this could be reduced if 
lighter drill-pipe strings were contem- 
plated. When engines are selected. 
careful allowances should be made for 
altitude and temperature—-especially 
in the case of supercharged engines 
using turbo blowers that are sensitive 
to compression-ratio changes and radi- 
ation of the heat of compression. It is 
venerally agreed that. on ultra-heavy 
rigs, four prime movers is the most 
desirable number. In case of one unit 


failing. 75 per cent drilling capacity 
would be available; whereas 66 per 
cent capacity for a 3-unit assembly 


with one outage would impair drilling 
operations considerably. More engine 
units involve gexcessively complicated 
transmissions and higher power losses. 


Slush-Pump Drives 

\ twin-pump drive is considered 
most desirable, i.e.. one drive from the 
rear of the transmission, and one from 
the No. 2 engine shaft, counting from 
the drawworks. Both drives would 
supply similar sized large pumps. and 
this would involve 2 engines with a 
shaft horsepower of about 625 (con- 
tinuous rating) into one pump—-mak- 
ing about an 1100 hp input available 
for each pump. Operation would have 
to be very carefully watched to pre- 
vent pump ove rloads. For the driving 

f slush pumps, the use of the con- 
verter, including a hydraulic coupling. 
is recommended as giving only about 
3.1-to-1 multiplication ratio against 
5-to-1 on the straight torque converter. 
This would prevent dangerous over- 
loading of pumps and higher overall 
eficiencies at than full-throttle 
operation. Hydraulic couplings with 
a constant torque limit and variable 
horsepower are advantageous chiefly 
for the prevention of shock loading 
from engines to rig, or vice versa, with 
the further possibility of a reduction 


less 
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in maintenance. kor the 
penditure involved, the 
verter 
power) 


capital 
torque con- 
(which yields constant horse- 
and the variable torque are 
much more desirable. 


Loads, Speeds, Etc. 

The size of the previously described 
individual engine, or of the twin en- 
vine. would he from 600 hp to 700 hp. 
intermittent rating. If 3 engines were 
used, an intermittent rating of 800 hp 
to 930 hp would be required. The 
lorque-converter drive is desirable. 
especially because it permits the use 
of higher-speed engines on heavy rigs. 
The 1800-rpm torque converter is the 
ncost desirable because it is light and 
economical, and because the lower- 
speed converter units rapidly become 
excessively bulky and costly. The re- 
cent appearance of a V-12 400-hp 
1500-rpm torque-converter engine unit 
presents interesting possibilities for 
the use of 4 “twin” units of 400 hp. 
or 3200 hp in all; or, alternatively, 3 
“twin” 400-hp units and one “single” 
100-hp unit, so that 2800 hp could be 


used. The single “400-hp” would be 
the No. 1 engine, and this could he 


used for normal rotary-table drive. 


The average load factor over the 
drilling of a well is believed to be 
about 20 to 25 per cent. In order to 
anticipate engine overhauls and_ the 


hest use of the engines. both engine- 


running hour indicators and indivi- 
dual fuel meters are desirable. Either 


permanent thermocouples in each cyl- 
inder exhaust, with multi-point pyro- 
meter connections or a portable means 
of checking engine-exhaust tempera- 
tures by portable instruments. should 
he available to the engine man. The 
use of hydraulic torque converters or 
electric drives permits the economical 
use of engines of higher speed than 
direct mechanical drives. Whether the 
advantages of portability and low first 
cost will balance. the higher mainte: 
nance costs has not as yet been deter- 
mined. It appears that the use of 
higher-speed engines will require a 
somewhat different approach to the 
maintenance problem because more 
‘areful and frequent attention to en- 


gine checking will be required. This 
is not a major problem, but it does 


require careful and intelligent devel- 
opment. On gas-gasoline and butane 
engines, load balancing is handled 
merely by making the manifold vac- 
uum of one engine control the throttle 
of the others, On diesel mechanical 
rigs. load balancing can be obtained 
only after careful adjustment of throt- 
tle settings against pyrometer exhaust 
temperatures, and this only works 
with moderate success. In purchasing 
engines. proper attention to engine- 
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governor characteristics is necessary 
so that governors with low regulation 
(probably 3 per cent) and proper 
speed-droop characteristics will be ob- 
tained. This will prevent engines from 
“pulling down” excessively in “revo- 
lutions per minute,” to a point where 
they might never give full horsepower 

thus resulting in the waste of money 
for horsepower not deliverable. On 
hydraulic rigs, or on properly 
equipped electric rigs, the hydraulic 
or electric circuit tends to balance en- 
gine loads if close approximate set- 
tings are made. The isochronous elec- 
tric governor balances loads perfectly. 
This easily may mean 5 per cent more 
power to the hook that otherwise might 
be wasted when engines “fight” each 
other. 


Engine Cooling 

On large rigs, it is believed highly 
desirable to go to the hot engine, or 
operation at about 212 F. “Vapor- 
phase” cooling or variable-pitch fans, 
i.e., dynamic or eddy-current-type fan 
drives, with closed radiators operating 
under pressure, may be employed. In 


order to make large rigs independent 
of wind direction, and for the purpose 
of keeping cooling systems to the 
smallest size possible, the independent 
cooling unit with horizontal updraft 
radiators is recommended—using a 
central system of cooling fluid which 
feeds to all of the engines. In this way 
radiators are not exposed to engine 
vibration; natural-draft direction is 
employed; and a minimum of horse- 
power is robbed from engines for cool- 
ing purposes. Twin electric drives of 
such units from two separate engines 
is recommended, or a drive from alter- 
nating-current auxiliary units may be 
used. 


Auxiliaries 


The use of duplicate standard high- 
speed alternating-current packaged 
power units for driving auxiliaries is 
recommended. The use of standard 
alternating-current motors and switch 
gear for compressors, fans, mud-stir- 
ring devices, water pumps, etc., is 
generally more economical than the 
purchase of similar direct-current mo- 
tors and equipment for heavy rigs. 


Pumps, Bits, and Blowout Preventers 


Pumps 

The mud pump, which serves to 
maintain circulation through the drill 
pipe to keep the bit clean by nozzle 
velocity and to remove the cuttings 
through the annular space, has always 
been the largest consumer of energy 
in drilling a well. This horsepower re- 
quirement, transformed into mud vol- 
ume and pressure, increases almost 
directly as the depth for a given size 
drill pipe in a given size hole. On 
power rigs, circulation problems are 
numerous in drilling even below 
12.000 ft; thus 20,000-ft drilling offers 
a definite challenge to the rig pumps. 

Inasmuch as the primary function 
of the drilling mud is to remove the 
cuttings from the hole, the pump size 
is largely dependent on the size of the 
cuttings and on the necessary rate of 
the return velocity. Simple calcula- 
tions show that average bit-cuttings 
sizes may be quite small for fairly 
rapid drilling, and that they are ex- 
tremely small for slow drilling; there- 
fore, because the shale fragments that 
can be seen on the shaker are larger 
than calculated cuttings sizes, they are 
most likely to come from those places 
in the walls of the hole that are shown 
by caliper surveys to have a tendency, 
with elapse of time, to increase in di- 
ameter. This suggests that the frag- 
ments, as they are broken from the 
walls, may be larger than an ordinary 
mud-circulating rate could carry; it 
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is only when the fragments are re- 
broken that they become of such a 
size that the mud can carry them out 
of the hole. It is also felt that bits often 
grind and regrind the newly dug cut- 
tings before the mud has removed 
them from the bottom oé the hole. The 
so-called “jet bit” has been developed 
to keep the bit clean. 

With such variables undetermin- 
able, it appears that the selection of 
mud-circulating rates will have to con- 
tinue on an arbitrary basis, such as 
“200 ft per min upward velocity in 
annular space.” This, of course, refers 
to gage-sized hole—it being under- 
stood that there will be varying diam- 
eters for over-gage hole depending on 
various factors. 

Table | presents an interesting study 
in the relationship between horse- 
power, drill-pipe size, and hole size 
for 200 ft per min upward velocity. 

It would appear that the horsepower 
required with 414-in. drill pipe in 


TABLE 


1214-in. hole at 12,000 ft is prohibi- 
tive, and that larger drill pipe will be 
justifiable when it is desired to set 
95¢-in, casing at 12,000 ft or deeper. 
A 12,000-ft string of 65g-in.-OD 25.20. 
lb drill pipe would weigh only 150 
tons, compared to a hoisting capacity 
of 250 tons that has been discussed 
previously for 20,000 ft of 25-lb pipe. 
For this deep drilling, however, it will 
probably be appropriate to consider a 
tall derrick with large floor space, and 
there should be sufficient racking space 
for this amount of 6%¢-in. pipe in 135- 
ft stands. 

It has already been indicated that 
the main interest in the future rig for 
deep drilling will be on the internal- 
combustion-engine-driven rig, or so- 
called “power rig.” There may be 
some field-development drilling with 
low-cost gas fuel, and this may justify 
large high-efficiency steam rigs or 
large gas-engine rigs; but, inasmuch 
as current deep drilling probably will 
be in wildcat areas, it is likely that 
interest will center on diesel power, 
either with direct mechanical drive or 
with electric transmission. Therefore, 
the size and horsepower ratings of 
mud pumps will tend to be related to 
the sizes and horsepower ratings of 
suitable diesel engines. Power-pump 
sizes during recent years apparently 
have been developed to fit available 
gas-engine sizes. However, they do not 
appear to have “matched up” so well 
with available diesel-engine _ sizes, 
either singly or in compound arrange- 
ments of two engines per pump. 

As to considerations other than the 
size of pumps, it is felt that in present 
operations there is much room for im- 
provement in the life of the piston; 
therefore, it is of the utmost impor- 
tance that improvements be made in 
the piston for pumps of the future, 
which will have higher ratings. Prob- 
ably of equal importance is improve- 
ment of liners. The present API toler- 
ance approximates 0.010, and one 
major company is of the opinion that 
closer tolerances may be desirable. 
They have tested one or two “matched 
sets” of pistons and liners with toler- 
ances of approximately 0.003; and, 
although this small number cannot be 
considered conclusive, it is interesting 
to note that improved results are indi- 
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Hydraulic horsepower requirements for return velocities of 200 ft per minute. 











12,000 ft 20,000 ft 
Depth, ft Soassietatnthtecaaclen cada tenets casein ee 
Hole diameter, in.. ‘ 1214 1214 1214 124 854 6 
Drill-pipe outside diameter, in. 414 5 5% 65 46 314 
Circulation rate, gal per min. 1,000 1,000 97 866 442 190 
Drill-pipe friction, psi. ; 3,900 2,280 1,310 370 1,260 1,500 
Surface-pipe friction, psi....... 240 240 230 180 7 50 
Open-hole friction, psi 120 120 108 105 140 50 
Bit-pressure drop, psi......... 500 500 500 500 500 
RMN i 55 6 ccieia ace goeicievoxien 4,760 3,140 2,148 1,155 1,975 2,100 
Hydraulic hp.... Lacie neue 2,270 1,830 1,215 583 510 233 
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cated. Undoubtedly valuable improve- 
ments could be made in sand-removal 
practice, so as to render less abrasive 
the action of drilling muds on pump 
parts. 

\n interesting new design now un- 
der development consists of a vari- 
able-stroke constant-horsepower pump 
that is intended for mud service in a 
500-hp-size unit. Work is also pro- 
ceeding on plunger pumps, and indi- 
calions are that the problem of the 
packing around plungers is not so se- 
vere as the problem of pistons. In 
both cases the job becomes more difli- 
cult with increase in diameters. An 
important factor is the guiding of the 
larger plungers. One manufacturer 
has been giving consideration to plun- 
ger pumps in sizes that may include 
a circulation rate of 350 gal per min 
at a pressure of 2000 psi—that, at 80 
per cent efficiency, would involve ap- 
proximately 500 brake horsepower. 
The experience of one service com- 
pany indicates that the plunger pump 
fits the high-pressure pump better 
than the piston pump. Plunger-pump 
packings are already available for 
pressures much higher than drilling- 
mud pumps may require. 

\nother possible solution for over- 
coming certain mud problems is re- 
verse circulation. If it were possible 
to carry loose shale fragments down 
the hole and to have some special type 
of reverse-circulation bit break them 
up, it might be possible to avoid some 
sticking of drill pipe; this would jus- 
tify considerable effort and expense 
over ordinary circulating methods. 
Because of the ease of maintaining 
suflicient upward velocity inside the 
drill pipe, it is unnecessary to subject 
the open hole to much pressure in- 
crease. 


\s shown in Table 1, large pump 
horsepowers are required for the pur- 
pose of providing the proper upward 
circulation velocities when _ large- 
diameter holes are drilled with 41-in. 
drill pipe. If larger horsepowers are 
required than are available,in one 
power pump, it would appear more 
desirable to operate two pumps in 
series than in parallel—provided free- 
dom from pulsation can be effected 
with the series (“compound”) ar- 
rangement. One desirable feature of 
compound operation is that each 
pump has a large-size liner. Further, 
if one pump is down, the other can 
still operate at 65 per cent speed and 
65 per cent volume without a pres- 
sure overload; whereas, with parallel 
operation, each pump must have 
«mall liner size and, if one pump is 
down, the other can provide only 50 
per cent of the full volume and a much 
reduced pressure. Another desirable 


feature of compounding is that the 
pistons and valves are not subjected 
to so great a differential pressure. 
Duplex. power-pump discharge pres- 
sure has surprisingly large pulsations, 
but these are usually not noticed be- 
cause of the thorough dampening of 
the mud-pressure gage. Such pulsa- 
tions usually have made compound- 
ing of power pumps unsatisfactory. 

One manufacturer has made a 
series of interesting tests, using air- 
accumulator pulsation, dampeners on 
duplex power pumps. The actual dis- 
charge pressures which were recorded 
on this manufacturer’s especially de- 
veloped strip log indicated that the 
pulsations had been almost completely 
eliminated. The manufacturer believes 
that precharged accumulators or pul- 
sation dampeners are most efficient 
and, in general, quite adequate. How- 
ever, in some instances the highest 
cost of atmospheric ace umulators 1 may 
he justified because they are more in- 
dependent and dependable. The at- 
mospheric type must be large ves- 
sels of heavy construction. In any 
event, the proper choice will depend 
on an analysis of the economics in- 
volved and on the user’s judgment. 

The same manufacturer has de- 
veloped some interesting data on the 
theoretical and actual relationship be- 
tween pump pulsations and various 
crank angles. His records on actual 
runs with compounded pumps show 
that one pump virtually may take all 
the load away from the other because 
of coincidence of pulsations, With the 
same size liners, the high-stage pump 
(which is always readily “filled” by 
the discharge of the other) should run 
slightly slower than the low-stage 
pump which is not so readily “filled” 
by natural suction. This indicates the 
desirability of a separate drive. There 
is also considerable advantage in 
“fluid drive” for compounding, in 
that one pump speed may adjust 
somewhat automatically to avoid se- 
rious overload when the other pump 
goes down, and the speed of either 
may be more closely regulated. 


There appears to be a definite need 
for a suitable centrifugal pickup 
pump to enhance the operation of the 
power pump by “filling” its suction. 
Such installations have been in use 
for some time by a Rocky Mountain 
contractor, and recently by a few op- 
erators along the Gulf Coast. The 
problem involved here seems to be in 
the maintenance of a centrifugal 
pump which is in mud service. 

A major supplier of precharged 
pulsation dampeners states that his 
dampeners were not intended primar- 
ily for compounding, and that they 
will not be offered for such service 
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until further development work has 
been completed. These pulsation 
dampeners are entirely effective for 
the purpose of reducing to almost 
negligible values the discharge pulsa- 
tions of a single power pump. With 
the elimination of the excessive loads 
which usually result from pressure 
peaks, there is an indicated reduction 
in power-pump requirements, and 
possibly an increase in circulation 
rates. 


Bits 

One manufacturer points out that 
the world’s deepest well was drilled, 
at reasonably good penetration rates, 
to a casing point of 19,765 ft—and 
this indicates that bits of present de- 
sign already are suitable for 20,000- 
ft “drilling; ‘that depth in itself is not 
a problem in comparison with the 
problem of formation hardness. It is 
believed that no appreciable change 
in the strength of bit materials occurs 
until the bit operating temperatures 
rise to well in excess of 300 F. Fur- 
thermore, water-base muds cannot op- 
erate effectively at temperatures in 
excess of 212 F at the surface; there- 
fore, so long as water-base muds are 
used, the probable bottom-hole circu- 
lation temperatures are likely to be 
satisfactory for bit materials. 

Some formations can be drilled 
with a bit that has battered cutting 
edges, whereas other formations can- 
not. Some years ago an unusual case 
was reported at Geysers, Sonoma 
County, California, where “steam” 
wells were drilled to a depth of 400 ft 
in serpentine formation, and where 
the temperature is said to have been 
1000 deg F. As this serpentine forma- 
tion was not hard to drill, bits of ordi- 
nary construction did the job. High 
temperatures were also reported for a 
deep Oklahoma well wherein parts of 
electric logging equipment had been 
melted. Perforating charges could not 
be used because the temperature 
might cause an uncertain discharge. 

Attention has been called to even 
greater hazards in deep wells when a 
bit might strike bottom accidentally 
because of an elastic stretch (as, for 
example, cabletool action), when the 
brake might take hold too firmly 
while it lowered the pipe near the bot- 
tom of the well but with the kelly 
measurement indicating that the bit 
was still as much as 5 ft from the bot- 
tom. Apparently there have already 
been similar instances at depths of 
around 8500 ft, especially when a large 
number of drill collars have been in- 
volved. The change in stretch for a 
given applied inertia force is in di- 
rect proportion to the length of the 
string. 

One supplier company states that 
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governor characteristics is necessary 
so that governors with low regulation 
(probably 3 per cent) and proper 
speed-droop characteristics will be ob- 
tained. This will prevent engines from 
“pulling down” excessively in “revo- 
lutions per minute,” to a point where 
they might never give full horsepower 

thus resulting in the waste of money 
for horsepower not deliverable. On 
hydraulic rigs, or on properly 
equipped electric rigs, the hydraulic 
or electric circuit tends to balance en- 
gine loads if close approximate set- 
tings are made. The isochronous elec- 
tric governor balances loads perfectly. 
This easily may mean 5 per cent more 
power to the hook that otherwise might 
be wasted when engines “fight” each 
other. 


Engine Cooling 


On large rigs, it is believed highly 
desirable to go to the hot engine, or 
operation at about 212 F. “Vapor- 
phase” cooling or variable-pitch fans, 
i.e., dynamic or eddy-current-type fan 
drives, with closed radiators operating 
under pressure, may be employed. In 


order to make large rigs independent 
of wind direction, and for the purpose 
of keeping cooling systems to the 
smallest size possible, the independent 
cooling unit with horizontal updraft 
radiators is recommended—using a 
central system of cooling fluid which 
feeds to all of the engines. In this way 
radiators are not exposed to engine 
vibration; natural-draft direction is 
employed; and a minimum of horse- 
power is robbed from engines for cool- 
ing purposes. Twin electric drives of 
such units from two separate engines 
is recommended, or a drive from alter- 
nating-current auxiliary units may be 
used. 


Auxiliaries 


The use of duplicate standard high- 
speed alternating-current packaged 
power units for driving auxiliaries is 
recommended. The use of standard 
alternating-current motors and switch 
gear for compressors, fans, mud-stir- 
ring devices, water pumps, etc., is 
generally more economical than the 
purchase of similar direct-current mo- 
tors and equipment for heavy rigs: 


Pumps, Bits, and Blowout Preventers 


Pumps 

The mud pump, which serves to 
maintain circulation through the drill 
pipe to keep the bit clean by nozzle 
velocity and to remove the cuttings 
through the annular space, has always 
been the largest consumer of energy 
in drilling a well. This horsepower re- 
quirement, transformed into mud vol- 
ume and pressure, increases almost 
directly as the depth for a given size 
drill pipe in a given size hole. On 
power rigs, circulation problems are 
numerous in drilling even below 
12,000 ft; thus 20,000-ft drilling offers 
a definite challenge to the rig pumps. 

Inasmuch as the primary function 
of the drilling mud is to remove the 
cuttings from the hole, the pump size 
is largely dependent on the size of the 
cuttings and on the necessary rate of 
the return velocity. Simple calcula- 
tions show that average bit-cuttings 
sizes may be quite small for fairly 
rapid drilling, and that they are ex- 
tremely small for slow drilling; there- 
fore, because the shale fragments that 
can be seen on the shaker are larger 
than calculated cuttings sizes, they are 
most likely to come from those places 
in the walls of the hole that are shown 
by caliper surveys to have a tendency, 
with elapse of time, to increase in di- 
ameter. This suggests that the frag- 
ments, as they are broken from the 
walls, may be larger than an ordinary 
mud-circulating rate could carry; it 
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is only when the fragments are re- 
broken that they become of such a 
size that the mud can carry them out 
of the hole. It is also felt that bits often 
grind and regrind the newly dug cut- 
tings before the mud has removed 
them from the bottom oé the hole. The 
so-called “jet bit” has been developed 
to keep the bit clean. 

With such variables undetermin- 
able, it appears that the selection of 
mud-circulating rates will have to con- 
tinue on an arbitrary basis, such as 
“200 ft per min upward velocity in 
annular space.” This, of course, refers 
to gage-sized hole—it being under- 
stood that there will be varying diam- 
eters for over-gage hole depending on 
various factors. 

Table 1 presents an interesting study 
in the relationship between horse- 
power, drill-pipe size, and hole size 
for 200 ft per min upward velocity. 


It would appear that the horsepower 
required with 414-in. drill pipe in 


1214-in. hole at 12,000 ft is prohibi- 
tive, and that larger drill pipe will be 
justifiable when it is desired to set 
95£-in, casing at 12,000 ft or deeper. 
A 12,000-ft string of 65¢-in.-OD 25.20- 
lb drill pipe would weigh only 150 
tons, compared to a hoisting capacity 
of 250 tons that has been discussed 
previously for 20,000 ft of 25-lb pipe. 
For this deep drilling, however, it will 
probably be appropriate to consider a 
tall derrick with large floor space, and 
there should be sufficient racking space 
for this amount of 65¢-in. pipe in 135- 
ft stands. 

It has already been indicated that 
the main interest in the future rig for 
deep drilling will be on the internal- 
combustion-engine-driven rig, or so- 
called “power rig.” There may be 
some field-development drilling with 
low-cost gas fuel, and this may justify 
large high-efficiency steam rigs or 
large gas-engine rigs; but, inasmuch 
as current deep drilling probably will 
be in wildcat areas, it is likely that 
interest will center on diesel power, 
either with direct mechanical drive or 
with electric transmission. Therefore, 
the size and horsepower ratings of 
mud pumps will tend to be related to 
the sizes and horsepower ratings of 
suitable diesel engines. Power-pump 
sizes during recent years apparently 
have been developed to fit- available 
gas-engine sizes. However, they do not 
appear to have “matched up” so well 
with available diesel-engine sizes, 
either singly or in compound arrange- 
ments of two engines per pump. 

As to considerations other than the 
size of pumps, it is felt that in present 
operations there is much room for im- 
provement in the life of the piston; 
therefore, it is of the utmost impor- 
tance that improvements be made in 
the piston for pumps of the future, 
which will have higher ratings. Prob- 
ably of equal importance is improve- 
ment of liners. The present API toler- 
ance approximates 0.010, and one 
major company is of the opinion that 
closer tolerances may be desirable. 
They have tested one or two “matched 
sets” of pistons and liners with toler- 
ances of approximately 0.003; and, 
although this small number cannot be 
considered conclusive, it is interesting 
to note that improved results are indi- 








TABLE 1. 























Hydraulic horsepower requirements for return velocities of 200 ft per minute. 
12,000 ft 20,000 ft 
Depth, ft 
Bale Giatnebeh. 18; ... 5. sss cs csccccccc 124% 12 12% 124% 85% 6 
Deill-pipe outside diameter, in............ 414 y 5% 684 4% 3% 
Circulation rate, gal per min............. 1,000 1,000 972 866 442 190 
Drill-pipe friction, psi................... 3,900 2,280 1,310 370 1,260 1,500 
ameive Ristion, See ee 240 240 230 180 75 50 
Open-hole friction, psi................... 120 120 108 105 140 50 
Bit-pressure drop, psi.............00.0.5 500 500 500 500 500 500 
EE EE Te 3,140 2,148 1,155 1,975 2,100 
OS See 2,270 1,830 1,215 583 510 233 
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cated. Undoubtedly valuable improve- 
ments could be made in sand-removal 
practice, so as to render less abrasive 
the action of drilling muds on pump 
parts. 


An interesting new design now un- 
der development consists of a vari- 
able-stroke constant-horsepower pump 
that is intended for mud service in a 
500-hp-size unit. Work is also pro- 
ceeding on plunger pumps, and indi- 
cations are that the problem of the 
packing around plungers is not so se- 
vere as the problem of pistons. In 
both cases the job becomes more diffi- 
cult with increase in diameters. An 
important factor is the guiding of the 
larger plungers. One manufacturer 
has been giving consideration to plun- 
ger pumps in sizes that may include 
a circulation rate of 350 gal per min 


at a pressure of 2000 psi—that, at 80. 


per cent efficiency, would involve ap- 
proximately 500 brake horsepower. 
The experience of one service com- 


_pany indicates that the plunger pump 


fits the high-pressure pump better 
than the piston pump. Plunger-pump 
packings are already available for 
pressures much higher than drilling- 
mud pumps may require. 

Another possible solution for over- 
coming certain mud problems is re- 
verse circulation. If it were possible 
to carry loose shale fragments down 
the hole and to have some special type 
of reverse-circulation bit break them 
up, it might be possible to avoid some 
sticking of drill pipe; this would jus- 
tify considerable effort and expense 
over ordinary circulating methods. 
Because of the ease of maintaining 
sufficient upward velocity inside the 
drill pipe, it is unnecessary to subject 
the open hole to much pressure in- 
crease. 


As shown in Table 1, large pump 
horsepowers are required for the pur- 
pose of providing the proper upward 
circulation velocities when large- 
diameter holes are drilled with 414-in. 
drill pipe. If larger horsepowers are 
required than are available,in one 
power pump, it would appear more 
desirable to operate two pumps in 
series than in parallel—provided free- 
dom from pulsation can be effected 
with the series (“compound”) ar- 
rangement. One desirable feature of 
compound operation is that each 
pump has a large-size liner. Further, 
if one pump is down, the other can 
still operate at 65 per cent speed and 
65 per cent volume without a pres- 
sure overload; whereas, with parallel 
operation, each pump must have 
small liner size and, if one pump is 
down, the other can provide only 50 
per cent of the full volume and a much 
reduced pressure. Another desirable 


feature of compounding is that the 
pistons and valves are not subjected 
to so great a differential pressure. 
Duplex power-pump discharge pres- 
sure has surprisingly large pulsations, 
but these are usually not noticed be- 
cause of the thorough dampening of 
the mud-pressure gage. Such pulsa- 
tions usually have made compound- 
ing of power pumps unsatisfactory. 

One manufacturer has made a 
series of interesting tests, using air- 
accumulator pulsation, dampeners on 
duplex power pumps. The actual dis- 
charge pressures which were recorded 
on this manufacturer’s especially de- 
veloped strip log indicated that the 
pulsations had been almost completely 
eliminated. The manufacturer believes 
that precharged accumulators or pul- 
sation dampeners are most efficient 
and, in general, quite adequate. How- 
ever, in some instances the highest 
cost of atmospheric accumulators may 
be justified because they are more in- 
dependent and dependable. The at- 
mospheric type must be large ves- 
sels of heavy construction. In any 
event, the proper choice will depend 
on an analysis of the economics in- 
volved and on the user’s judgment. 

The same manufacturer has de- 
veloped some interesting data on the 
theoretical and actual relationship be- 
tween pump pulsations and various 
crank angles. His. records on actual 
runs with compounded pumps show 
that one pump virtually may take all 
the load away from the other because 
of coincidence of pulsations, With the 
same size liners, the high-stage pump 
(which is always readily “filled” by 
the discharge of the other) should run 
slightly slower than the low-stage 
pump which is not so readily “filled” 
by natural suction. This indicates the 
desirability of a separate drive. There 
is also considerable advantage in 
“fluid drive” for compounding, in 
that one pump speed may adjust 
somewhat automatically to avoid se- 
rious overload when the other pump 
goes down, and the speed of either 
may be more closely regulated. 


There appears to be a definite need 
for a suitable centrifugal pickup 
pump to enhance the operation of the 
power pump by “filling” its suction. 
Such installations have been in use 
for some time by a Rocky Mountain 
contractor, and recently by a few op- 
erators along the Gulf Coast. The 
problem involved here seems to be in 
the maintenance of a centrifugal 
pump which is in mud service. 


A major supplier of precharged 
pulsation dampeners states that his 
dampeners were not intended primar- 
ily for compounding, and that they 
will not be offered for such service 
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until further development work has 
been completed. These pulsation 
dampeners are entirely effective for 
the purpose of reducing to almost 
negligible values the discharge pulsa- 
tions of a single power pump. With 
the elimination of the excessive loads 
which usually result from pressure 
peaks, there is an indicated reduction 
in power-pump requirements, and 
possibly an increase in circulation 
rates. 


Bits 

One manufacturer points out that 
the world’s deepest well was drilled, 
at reasonably good penetration rates, 
to a casing point of 19,765 ft—and 
this indicates that bits of present de- 
sign already are suitable for 20,000- 
ft drilling; that depth in itself is not 
a problem in comparison: with the 
problem of formation hardness. It is 
believed that no appreciable change 
in the strength of bit materials occurs 
until the bit operating temperatures 
rise to well in excess of 300 F. Fur- 
thermore, water-base muds cannot op- 
erate effectively at temperatures in 
excess of 212 F at the surface; there- 
fore, so long as water-base muds are 
used, the probable bottom-hole circu- 
lation temperatures are likely to be 
satisfactory for bit materials. 

Some formations can be drilled 
with a bit that has battered cutting 
edges, whereas other formations can- 
not. Some years ago an unusual case 
was reported at Geysers, Sonoma 
County, California, where “steam” 
wells were drilled to a depth of 400 ft 
in serpentine formation, and where 
the temperature is said to have been 
1000 deg F. As this serpentine forma- 
tion was not hard to drill, bits of ordi- 
nary construction did the job. High 
temperatures were also reported for a 
deep Oklahoma well wherein parts of 
electric logging equipment had been 
melted. Perforating charges could not 
be used because the temperature 
might cause an uncertain discharge. 


Attention has been called to even 
greater hazards in deep wells when a 
bit might strike bottom accidentally 
because of an elastic stretch (as, for 
example, cabletool action), when the 
brake might take hold too firmly 
while it lowered the pipe near the bot- 
tom of the well but with the kelly 
measurement indicating that the bit 
was still as much as 5 ft from the bot- 
tom. Apparently there have already 
been similar instances at depths of 
around 8500 ft, especially when a large 
number of drill collars have been in- 
volved. The change in stretch for a 
given applied inertia force is in di- 
rect proportion to the length of the 
string. 

One supplier company states that 
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it is planning some experiments in 
which vertical cylinders of concrete 
“formation,” approximately 10 in, in 
diameter, will be subjected to very 
high lateral and bottom pressures at 
intermittent intervals, and that at oth- 
er intervals they will be unstressed, 
while a hole approximately 4 in. in 
diameter will be drilled down the mid- 
dle. It is hoped this will result in in- 
formation concerning the effects of 
the natural surrounding pressures up- 
on the “drillability” of a given type 
of rock at the bottom of a-deep well, 
so that a comparison may be made 
with the apparently easier “drillabil- 
ity’ of cores which currently are 
brought out of the well and then tested 
in the laboratory. It would be desir- 
able to obtain some larger and more 
representative cores of such forma- 
tions, or some specimens of surface 
outcrops. One producer describes the 
unusually heavy characteristics of the 
cuttings from a deep well in Pennsyl- 
vania, wherein the mud _ properties 
had to be built up so that the mud 
could effectively carry the cuttings. 


Considerable controversy exists 
concerning the effects of drilling- 
fluid properties on rates of penetra- 
tion. Field reports — especially those 
from West Texas, where considerable 
drilling is done with “water” without 
the addition of mud materials—indi- 


cate that drilling rates are reduced al- . 


most one-half when “mudding up” is 
required to obtain better delivery of 
cutting samples, particularly when 
special “low water-loss” mud is used 
to minimize sloughing of certain shale 
beds and to avoid a tight hole which 
might result from mud-filter cake on 
permeable zones. Laboratory work 
does not appear to correlate consist- 
ently with field reports concerning the 
extent of the adverse effects of drill- 
ing muds upon drilling rates. How- 
ever, laboratory tests do show that an 
increase in drilling rates of as much 
as 15 per cent results when air is used, 
instead of water, to clean the bit and 
the surface of the rock which is being 
cut. It also appears that the cutting 
fragments are larger when air is used. 
This, of course, is in line with normal 
expectation, ie., that larger cuttings 
accompany faster drilling. 


There is some question as to wheth- 
er the energy of jets from bit nozzles 
are dampened in a shorter distance 
in heavy mud than in water. No defi- 
nite answer seems available, but it is 
felt that the heavier mud jets would 
have more energy, at the same veloc- 


ity, because of greater mass. There | 


seems to be considerable opinion that 
the effect of muds upon cutting rates 
is closely related to an adhesive effect 
which tends to make the newly 
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crushed fine cuttings adhere to the 
bottom, and to one another; and this 
“cushions” the indentation pressure 


of the bit edges. It is also possible 


that the lubricating effect of the satis- 
factory mud prevents the bit edge 
from developing as much friction in 
contact with formation, just as a lu- 
bricant prevents wear of gear sur- 
faces — which, although they have 
been designed to avoid abrasion, do 
wear badly with non-lubricating fluid. 
Another possibility is that the differ- 
ential pressure between the mud and 
a “normal” pressure in a permeable 
formation makes the mud “hold a cut- 
ting against the formation;” this 
might be enhanced by the viscosity, 
and by the coating properties of a 
mud, in contrast to water which would 
work under the cutting more readily 
but would not maintain a differential 
pressure over it. 

One bit manufacturer discussed the 
effectiveness of the ‘combination bit,” 
which has both blades and rotating 
cutters. Formations such as shales can 
be dug more rapidly by sharp blades 
than by rotating cutters; and, al- 
though they tend to dull the blades 
very rapidly, they do not dull the cut- 
ter teeth. Such formations frequently 
are encountered in certain parts of the 
Gulf Coast. . 

In general, it appears that present 
bits are suited to deeper drilling. Sug- 
gestions for furthér investigation and 
study are: 


1. That mud engineers try to de- 
velop muds which do not retard 
drilling but which at the same 
time will serve other purposes 
effectively. 


2. That formation specimens be ob- 
tained so that laboratory drilling 
will correlate with deep drilling. 


Blowout Preventers 


In order that the requirements for 
blowout preventers may be predicted, 
formation pressures must be esti- 
mated. It is conceded that the forma- 
tion pressures could not be any higher 
than the equivalent of the “overbur- 
den pressure;” otherwise the forma- 
tion would be fractured and the over- 
burden would be lifted. The general 
consensus is that the overburden is 
equal to approximately 1 lb per foot 
of depth. The customary references to 
overburden pressure seemed to be 
based on a curve, published about 10 
years ago, which showed a pressure 
of about 10,000 psi at about 10,000 
ft, but which had a slightly more grad- 
ual gradient at lesser depths and a 
steeper gradient at greater depths. It 
is believed that this was estimated on 
different porosities, and that deeper 
formations may have less porosity and 
higher unit weight. However, it is es- 





timated that, at 15,000 ft, the com- 
pressibility might involve only a 1 per 
cent reduction in volume (or 1 per 
cent increase in density) as compared 
to what might be observed with a 
core sample brought to the surface. 


Present blowout-preventer practice 
for wells 10,000 ft to 15,000 ft deep 
is to use 10,000-lb test equipment; 
whereas casinghead practice frequent- 
ly calls for 15,000-lb test equipment. 
It is apparently felt that the blowout 
preventers will almost always have the 
benefit of a parital mud column to re- 
strain high bottom-hole pressures, 
whereas the casinghead on a gas well 
receives a higher proportion of the 
bottom-hole pressure. One company 
has designed and built one 10-in. 
blowout preventer for a 15,000-lb 
test. Standard flange design appears 
to have resulted in flanges somewhat 
thicker than necessary for reasonable 
stress. 


In addition to the comparatively 
simple problems of closing blowout: 
preventers on stationary pipe, deeper 
drilling in higher-pressure zones may 
involve problems of holding pressure 
at the surface during drilling. Refer- 
ence was made to assemblies for 
“back-pressure” drilling done by a 
major company. This company found 
it desirable to operate with a mud 
column having a slightly smaller pres- 
sure than the formation pressure; but 
this was supplemented in part by up- 
ward flow friction and in part by sur- 
face pressure during the drilling op- 
eration, When mud was not being cir- 
culated, counterbalance was effected 
by a somewhat larger surface pres- 
sure. Such an operation would require 
a packoff for the rotating equipment. 
as well as control devices on the out- 
flow of mud and cuttings. One device 
for this might be a hydraulic motor 
which would consume the outflowing 
mud pressure, and this motor might 
also deliver power to a mud pump. 
Another method would be to pass the 
mud through a pressure settling tank. 
so that the cuttings would be dropped 
out; then the mud could flow out 
through the chokes without frequent 
clogging. These methods were tried 
by one major operator, but improve- 
ments were found necessary. 


Other installations have involved 
elaborate choke manifolding, where- 
by a transfer can be effected from one 
choke to another if one of them should 
become clogged with cuttings. How- 
ever, the use of back pressures at the 
surface appears limited, for the rea- 
son that there is but slight difference 
between the bottom-hole pressure con- 
ditions maintained by a column of 
mud of a certain weight and those 
which are maintained by a lighter 
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mud plus surface pressure—assum- 
ing, of course, that in both instances 
there is the same bottom-hole pressure 
based on the required formation-fluid 
pressure, and limited by the forma- 
tion-breakdown pressure which may 
not be exceeded. 


It is generally believed that the 
present preventérs, or combinations 
thereof, will handle ordinary drilling 
to 20,000 ft. Abnormal conditions 
might arise, however, in which the 


‘ present size of equipment would not _ 


be adequate. 


TECHNIQUES 


Selection of Hole Sizes 


It is generally conceded that the . 


control factor in the selection of hole 
size is entirely dependent upon the 
size of the drill pipe and casing which 
can be used to drill to 20,000 ft. Al- 
though casing practice varies with 
locality, a typical example of setting 
casing might be as follows: 


Casing and Bit Program 











Bit size Casing size Setting depth 
(inches) (inches) (feet) 
DBAs waclaecice ant 20 1,000 
oy) RRP eee. 13% 7,000 
| SSeS 9% 15,000 
_ SER: 5% or7 20,000 








As mentioned previously under 
“pumps,” large-size drill pipe should 
be used in order that the hydraulic 
horsepower requirement will not be- 
come prohibitive when these large- 
size holes are cut. Drill pipe as large 
as 6° in. in diameter may prove de- 
sirable. Several operators along the 
Gulf Coast believe that an additional 
casing size will be required as a pro- 
tective string so as to permit the drill- 
ing of reasonably sized holes to below 
14,000 ft. Ideal operations might re- 
quire 5 casing strings set to depths 
of approximately 2000 ft, 7000 ft, 
12,000 ft, 16,000 ft, and 20,000 ft. 


Mud Control 


It is agreed that circulating capac- 
ity should be sufficient to develop a 
minimum return velocity of 100 ft per 
min, and that velocity of 200 ft per 
min is desirable. Return velocities 
should be held within the range of 
viscous flow, inasmuch as the carry- 
ing properties of mud are dependent 
upon correct velocities more than on 
any other single adjustable property. 
Present practices and techniques are 
sufficient for the control of viscosities 
and gelation properties for deep drill- 
ing, and it will be necessary to modify 
only slightly the present techniques 
and equipment to meet the problems 
of deeper drilling. It is anticipated 
that improvements in methods and 
materials for controlling filtration 
properties will be made, provided 
past experience may be used as a 
guide for anticipated development. 
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Because of the higher temperatures 
that will be encountered, it will be nec- 
essary to utilize mud-cooling equip- 
ment to reduce chemical costs and to 
improve physical properties, Tem- 
perature will affect mud properties in 
such a way as to alter materially elec- 
trical logging results; much thought 
should be given to the control or alle- 
viation of this condition. It appears 
that no special type of mud will be 
required because of increased depth. 
However, it will be necessary properly 
to choose muds which already have 
been developed, and to apply them 
carefully. Abnormal pressures in for- 
mations probably will increase as av- 
erage depth of drilling increases. It 
has been established by current drill- 
ing data that formation pressure will 
approximate a maximum of 0.8 lb 
per foot of depth. With few excep- 
tions, it is not expected that this fac- 
tor will change much at greater 
depths. Materials for mud weights and 
densities adequate to control: both 
normal .and anticipated formation 
pressures are currently in use, and are 
now available. However, it may be 
necessary to develop some type of 
lost-return material or mud to seal fis- 
sures which may become increasingly 
troublesome with deeper drilling. 

As mentioned previously in the dis- 
cussion on bits, there are some locali- 
ties, such as West Texas, where the 
use of drilling mud retards penetra- 
tion as much as 50 per cent, compared 
with drilling rates in “water.” Data 
have been accumulated which indicate 
that changes in bit design will affect 
materially the drilling rate obtained 
with mud. 


“Methods for Determining 
».Formations Encountered 


Two major manufacturers of con- 
ventional and wireline coring equip- 
ment have expressed the opinion that 
no obstacles have been encountered to 
date that will minimize the success of 


. this equipment. The present materials 


and design of both wire-line and con- 
ventional equipment are capable of 
withstanding the pressures and tem- 
peratures anticipated at 20,000 ft. 
However, an increase in depth will re- 


sult in a decrease in core size when 
wire-line equipment is used, whereas 
conventional or diamond coring 
should maintain normal size cores. 

With regard to side-wall sampling 
of formations, one manufacturer, who 
utilizes a punch-type barrel for ob- 
taining samples, states that he antici- 
pates difficulty with the equipment at 
deeper zones because of the excessive 
hardness of the formations. One 
manufacturer, who uses a percussion- 
type sample gun, is also of the belief 
that difficulty will be met in obtaining 
samples because the harder forma- 
tions and higher temperatures will af- 
fect the power loads. Also, the small 
hole size will limit side-wall coring 
success, because 514-in. is the mini- 
mum hole through which samples of 
that type can be obtained. One manu- 
facturer, who uses a small core bit 
to drill into the side wall, explains that 
hard formations will cause no diffi- 
culty with his sampling equipment; 
however, an 81/-in. hole is the small- 
est through which he can now oper- 
ate. 


When drill cuttings are used to de- 
termine the formation encountered, 
there is considerable uncertainty as to 
the accuracy of the cuttings screened 
from the mud system. One supplier of 
mud-weighting material believes that 
the cuttings are accurate only within 
50 ft or 100 ft, and that the depth of 
the parent formation may be estab- 
lished by correlation of drilling rate, 
return velocity, and estimated slip- 


- page of solids in the mud. It is the 


opinion of a number of operators that 
solids may slough from the hole wall 
at points distant from the bottom — 
thereby creating a false impression. 
With increases in depth to 20,000 ft, 
inaccuracy with the use of drill cut- 
tings probably will increase consider- 
ably over current experience. 


From a mechanical standpoint, 
electrical logging to depths of 20,000 
ft should not prove difficult. However, 
high temperatures affect the resistiv- 
ity of muds so strongly that much 
study should be given to the elimina- 
tion of this difficulty. There is a pos- 
sibility that FM logging may proceed 
successfully at temperatures up to 350 
F, and it is now possible to operate 
successfully with induction logging at 
temperatures as high as 320 F. 


Cementing Practices 


Fig. 3 shows a series of laboratory 
tests that were made on various ce- 
ments. This indicates that the present 
types of cement are not adequate for 
20,000-ft completions. The tests show 
that an average of 1 hour and 11 min 
in pumpability time may be expected 
from current types of slow-setting ce- 
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Why a Venezuela 


camp has ne 
power worries 





Au. OVER the world, in all climates 
and under all conditions, you'll find “Cat” Diesel 
Electric Sets providing power for every purpose — 
from lighting and filling miscellaneous electric 
needs for entire drilling camps to lighting or 
operating the rigs. The setup described under the 
pictures is typical of the use of these rugged sets. 
They are virtually foolproof — so simple to operate 
they don’t require the attention of a skilled hand. 
And they cost little to run, burning non-premium 
fuels without fouling. 


Anybody who has worked far off the beaten 
track can appreciate how much good service 
means. That’s another big plus when you use 
“Cat” Electric Sets. No matter where you are, 
your “Caterpillar” dealer is available round the 
clock to answer your call for service on the job. 
Ask him to show you facts about the performance 
of “Cat” Electric Sets. He’s as close as your 
phone for information and service! 





CATERPILLAR TRACTOR CO. ¢ PEORIA, ILLINOIS 





® Two “Cat” Diesel Electric Sets—a D4600 and a D4400—furnish 
power for lights and shale shaker on drilling rig at Texas Petro- 
leum Co.’s installation on the Mara district of Venezuela. Prices 
of standard model ‘Cat’ Electric Sets range from $2870 for a 
D311 (21 kw.) to $19,715 for a D397 (314 kw.). (F.O.B. Peoria, 
Illinois, prices subject to change without notice.) 





s 


©@ Three “Cat” Diesel D4600 Electric Sets provide power for the 
Texas Petroleum Co.’s entire Marcelina Camp—for lights, ware- 
houses, refrigeration plant, radios, irons, washing machines, nine 
homes, bachelors’ quarters, camp club, mess hall and offices. 
Operating 24 hours a day, 30 days a month, 12 months a year, 
they assure the dependable performance that’s so important in 
remote locations. 





Fuel pumps are “Caterpillar”’-designed and ‘Caterpillar”- 
built. Made of the cleanest high-chromium, high-carbon 
alloy steel obtainable, the pump plungers and barrels are 
diamond lapped. Pumps are heat treated to maximum 
hardness to give users thousands of hours of trouble-free 
economical service. There is an individual pump for each 
cylinder. Pumps are adjustment-free and completely inter- 
changeable. Look under the hide for quality. It doesn’t 
show on the outside—it shows up in performance. 


CATERPILLAR 


OILFIELD ENGINES 





THICKENING TIME, HOURS: MINUTES 


12,000 14,000 
SIMULATEO WELL DEPTH, FEET 


10,227 13,386 
MAXIMUM PRESSURE, POUNDS PER SQUARE INCH 
172 206 
MAXIMUM TEMPERATURE, DEGREES FAHRENHEIT 


FIG. 3. API well simulation test on typical slow-setting cement. 


ments in an ordinary temperature- 
eradient well. It is also felt that high 
pressures seriously accelerate the set- 
ting time of cements. At present no 
one type or brand of cement classified 
as “slow-set” offers any material ad- 
vantage in setting time. One major 
cement manufacturer states that ef- 
forts are being made to develop ad- 
mixtures to solve this deficiency. Al- 
though laboratory results indicate 
that present cements are inadequate 
for 20,000-ft depths, the oil industry 
has already witnessed the drilling and 
cementing of one well at close to this 
depth. Results obtained on this well 
prove that it is possible to secure a 
casing string at such a depth with 
the cements now available; however, 
it would be unwise to lessen attempts 
to develop a safer and more suitable 
product. 

One special technique in cement- 
ing practices which may prove worth- 
while in deep drilling is. acidization 
immediately ahead of cement jobs. 
Running a balanced volume of wash 
acid and mud acid — followed by a 
small volume of water that is then 
squeezed out ahead of the cement— 
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has resulted in improvement on a 
number of squeeze jobs. This proced- 
ure has reduced the number of 
squeeze jobs; has increased the effec- 
tiveness of such jobs; and appears to 
have increased bonding. It is noted 
that, in conjunction with the use of 
acids, the technique of slowing déwn 
the delivery rate during squeeze jobs 
appears to aid in obtaining a good 
shutoff. The theory behind this is that 
the acid removes the mud cake and 
offers faster dehydration possibilities. 
The slowing down of the delivery rate 
gives the cement an opportunity to 
thicken because of the water loss, and 
thus effects a seal. Acid volumes run 
on prime cement jobs do not appear 
to have any advantage. 

Low water-loss cements are desir- 
able when scratchers are used on test 
wells, or when it is anticipated that 
the fill-up will be high. Recent results 


‘in deep wells would indicate the use 


of scratchers, and centralizers may be 
continued in 20,000-ft wells without 
additional hazard or change in meth- 
ods. It appears that floating equip- 
ment will have to be made stronger: 
it will have to stand much larger vol- 


umes of circulation. The ability to 
withstand abrasion must be increased. 
Not only will displacement volumes 
increase with depth, but the desira- 
bility of periodic circulation during 
the running of pipe is increasing. Pe- 
riodic circulation is becoming com- 
mon practice when small holes are 
made. At the present time plastics do 
not seem ready for use in extremely 
deep wells. 


Well-Depth Measurements 


Well - depth measurement has be- 
come increasingly important because 
of the difficulties encountered in the 
successful completion of oil wells 
wherein relatively thin oil-producing 
sections are encountered in intimate 
contact with gas and water sands, es- 
pecially at increasingly greater depths. 
Current practice is to use drill pipe as 
a medium for determining depth, and 
it is felt that one of the principal 
sources of inaccuracy in this type of 
measurement is human error. These 
errors may be minimized by having 
the measurements checked by other 
personnel. The stretch in drill pipe 
caused by its own weight also becomes 
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increasingly serious in deep wells, and 
t is considered desirable to measure 
pipe in tension while it is hanging in 
the elevators. At depths of 20,000 ft 
the formations, if economical to pro- 
luce, should be thick enough to toler- 
ite an error of 2 ft or 3 ft. As the pro- 
ducing depths increase, correct per- 
forating probably will depend more 
ind more on correlated electrical log- 
zing methods, such as radioactive 
markers, gamma ray, neutron logs, 
asing-collar counters, and others. 


Completion Practices 


One operator states that the maxi- 
mum temperature to be expected in 









































20,000-ft wells will approximate 400 
F. If this is true, the present type 
of powders used in gun perforating 
probably can be used; however, speed 
of operation will be critical. Several 
powders have an upper limit of 280 
F. The powder used in some jet shots 
seems to be good for 5 hours at 350 
F. Obtaining of accurate high-tem- 
perature readings is doubtful when 
thermometers are subjected to high 
pressures, For the best results, the 
mud should be properly conditioned, 
both for the sake of measurements 
and gun-perforating efficiency. The 
strength of the perforating cable is 
now adequate for 20,000-ft opera- 


Working Side by Side 


IN THE INTEREST 
OF GREATER 
WELL DRILLING 
EFFICIENCY 


It’s an important efficiency feature— 
thefree rolling drawworks drum that’s 
standard equipment in Franks Well 
Servicing Units. And among the com- 
ponents that help to provide this free 
rolling feature are top quality, custom- 
engineered bearings, supplied with 
pride by Aetna. 

In this, as in an increasing number 
of the oil country’s toughest bearing 
assignments Aetna excellence unfail- 
ingly pays off .. . helps to avoid costly 
down-time . . . to cut replacement 
expense ... to stretch equipment life. 
With an expanded plant, modern- 





ized engineering and laboratory test- 


ing facilities Aetna is in a position to 
render the ultimate in money saving, 
problem solving counsel on oil 
country bearing applications. Write 
us today. 

AETNA BALL AND ROLLER BEARING COMPANY 


4600 Schubert Ave. * Chicago 39, Illinois 


Representatives and Distributors 
in Principal Cities 


STANDARD AND SPECIAL BALL THRUST BEARINGS « 
ANGULAR CONTACT BALL BEARINGS e¢ SPECIAL 
ROLLER BEARINGS ¢ BALL RETAINERS ¢ HARDENED 
AND GROUND WASHERS « SLEEVES ¢ BUSHINGS 





tions; however, the clearances of the 
guns will become closer and more 
critical. One service company feels 
that 350 F is the maximum tempera- 
ture for safe operation. Inasmuch as 
the success of the powder is deter- 
mined by the time and the tempera- 
ture, proper powder selection is essen- 
tial; furthermore, the upper tempera- 
ture limits of the equipment as well 
as the powder should be carefully 
checked before an ultra-deep drilling 
job is attempted. Another service 
company states that the collar-check 
technique permits of high-speed op- 
erations; getting into the zone is af- 
fected quickly, and the time necessary 
for positive location of the zone is 
minimized. At present collar-checking 
equipment is not available for flush- 
joint pipe. 

It is anticipated that consolidation 
and screening of sands will not be 
necessary at depths between 15,000 ft 
and 20,000 ft because of hard, con- 
solidated formations. At present plas- 
tics are limited in use at higher tem- 
peratures, although one company has 
successfully completed a plastic job 
at 251 F, and it believes that a high- 
er-temperature plastic can be de- 
veloped. 

It is the general opinion of the 
major wellhead equipment manufac- 
turers that surface equipment offers 
no real problem; furthermore, liners 
should present no problem peculiar 
to depth. Present design of packers is 
definitely not adequate for depths be- 
low 13,000 ft. 
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Cures for Corrosion in Gas Condensate Wells’ 


Tue search for gas and petroleum in 
the past few years has been driven to 
deeper and deeper horizons. Where gas 
wells are completed at great depths. 
extreme pressures are frequently en- 
countered, making necessary the in- 
stallation of expensive heavy duty 
equipment and piping. 

Early in 1944 it became evident that 
some form of vicious corrosion was 
attacking both tubing and christmas 
tree fittings on some high pressure 
gas wells. The problem became rather 
general among producers and as a 
consequence a committee was formed 
within the Natural Gasoline Associa- 
tion of America to study and, if pos- 
sible, arrive at means of mitigation of 
this expensive burden. 

This committee met and organized 
in May of 1944 with Thomas S. Bacon 
of the Lone Star Gas Company as its 
chairman. Various forms of possible 
mitigation were studied. Since the 
problem was so complicated, the com- 
mittee decided that an adequately fi- 
nanced program of research would be 
necessary. With the requested finan- 
cial backing from the operators the 
committee launched into a study of 
this particular type of corrosion. 

In May of 1944, Battelle Memorial 
Institute was engaged to study certain 
phases of the problem, particularly in 
laboratory studies in pressure vessels 
of various alloys in corrosive media. 
Carbon dioxide was at first thought to 
be mainly responsible for the acid at- 
tack on metal surfaces encountered. 
Battelle, likewise, constructed appara- 
tus with which to examine the possibi- 
lity of electrical accumulation and 
flow at certain points in the system 
being a factor. Numerous wellhead fit- 
tings from corrosive wells were sub- 
mitted for examination and analysis 
by the institute to ascertain, if pos- 
sible, how various metals and alloys 
reacted to this form of corrosion. 

The United States Bureau of Mines 
likewise was brought into the picture 
late in 1944 and made a very exhaus- 
tive study of various alloys and steels 
't known corrosive solutions. At the 
same time, various chemical inhibitors 
were being investigated both at the 


—_— 


*Presented. at the 29th Natural Gasoline As- 
ciation of America Annual Convention, April 
'-26, 1950, Texas Hotel, Fort Worth, Texas. 
‘Sun Oil Company, Beaumont. Chairman, 
GAA Corrosion Research Project Committee. 
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Bartlesville Laboratory and in pro- 
duced wells in several fields. Extensive 
field testing, particularly with sodium 
chromate, was carried out and re- 
ported most thoroughly by the Bu- 
reau. This work by the Bureau was 
done under the direction of Kenneth 
Eilerts. 

By this time it had been definitely 
established that the waters, produced 
with the hydro-carbon condensate, 
contained an appreciable amount of 
organic acids which was found to 
modify the action of the carbon di- 
oxide. 

In January of 1945, the NGAA 
committee agreed with a similar com- 
mittee of the National Association of 
Corrosion Engineers to apportion cer- 
tain phases of the study to the NACE 
committee, so as to avoid duplication 
of efforts. As a result of this agree- 
ment the NACE committee undertook 
the study of alloys under actual field 
conditions. : 

These alloys (32 in all) were tested 
in high pressure chambers mounted 
directly in the flow stream with 4 cou- 
pons to represent each alloy and con- 
trol at 4 separate locations in the 
container. This was necessary, as a 
definite drop in the corrosion rate 
from upstream to downstream end 
had been established in tests on the 
container for just this reason. 

In April of 1945, a Fellowship was 
established at the University of Texas 


under the direction of H. L. Lochte to 
study water analysis with specific 
identification of the organic acids as 
present in these waters. 

In order to broaden the investiga- 
tion to include a study of physical 
chemistry in relation to inhibitors, a 
second Fellowship was established at 
the University under the direction of 
Norman Hackerman. William A. Cun- 
ningham’s routine water analysis 
studies were later merged with investi- 
gations being made under Hacker- 
man’s studies. 

In March of 1946 a field co-ordina- 
tor was considered essential to oversee 
coupon installation, sample gathering 
and various phases between the labo- 
ratory and field. D. A. Shock of the 
University was employed to fill this 
position. The installation of corrosion 
test coupons, gathering and storing of 
condensate, water samples and other 
similar duties fell under Shock’s work. 
This post was discontinued in mid 
1949 upon Shock’s resignation. 


Inhibitors 


Extensive research on inhibitors, 
both in the laboratories and under ac- 
tual field installations, has been car- 
ried on. Individual operators have 
been very co-operative in reporting 
results both good and bad with these 
treatments. 

The Bureau of Mines exhaustively 
investigated the efficacy of sodium 








TABLE 1. Survey on condensate wells. 





Number 


Total Number Number 
number corrosive w/alloy w/baked 
Company wells wells tubing on coating 
A 62 62 9 1 
B 153 10 0 0 
C 67 Pi 0 0 
D 7 7 0 0 
E 75 75 0 3 
F 34! 34 2 8 
G 37 1 0 0 
H 46 46 0 1 
I 185 145 4 47 
J 96 66 4 | 
K 27 0 0 0 
I 99 20 0 0 
M 52 s 0 0 
N 10 0 0 0 
0 60 18 9 0 
P 9 8 1 0 
Q 47 38 uN 0 
R 300 200 1 0 
5 172 35 3 1 
T 94 46 0 0 
U 82 11 0 e * 
V 61 14 0 5 
W 280 43 i 0 
xX 9 9 0 
¥ 49 44 6 2 
2113 932 51 69 
* Discontinued. : 
1 Twenty-seven of these wells contain hydrogen sulfide. 


Number of wells using inhibitors corrosive ’ 
Alkali Chromate Silicate Organic | Exper. wells treated 
21 0 0 2 1 38.7 
0 0 0 2 0 20.0 

0 0 0 0 0 0 

4 5* 0 2 1 100 

0 8* 1 12 1 18.7 

0 0 0 0 0 0 

0 0 0 1 0 100 

0 0 0 26 0 56.5 
32 4 46 0 0 56.5 
33 0 4 1 0 57.5 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 i 0 15 0 42.1 
20 0 0 40 0 30.0 

0 0 0 3 0 8.5 

1 38 0 2 0 89.0 

0 0 4 0 0 36.3 

0 0 0 0 0 0 

0 1 0 31 0 74.3 

0 9 0 0 0 100 

0 0 20 0 7 61.5 

111 53 75 137 10 


2 Two of these wells are equipped with nickel plated tubing. 
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eoe Wire Rope Problems are 
Field ee@e and Whipped Hn a 
Outstanding Research La! 


Not content to sit back and make wire rope as it has always been made— 
just because it has always been made that way— 


Union Wire Rope engineers continuously study problems in the field— 
bring them into the outstanding Union Wire Rope laboratory—and keep 
them under constant research until whipped and tested in the field. 


The result is a growing line of new wire rope constructions, designed 
for specific uses, covered by the simplest kind of specifications and 
identified by the trademarked name TUFFY. Here are some of'the steps 
taken to pre-determine Tuffy toughness that assures longer life. 


1. Microstructure Tester. Under 
powerful magnification, Union 
Wire metallurgists examine the 
microstructure of the steel in 
rods and wires to see that rigid 
specifications are met and main- 
tained in processing. 


2. Static Flexibility Tester. The de- 
mand of machinery engineers to- 
ward smaller sheaves and higher 
speed made it necessary for Union 
Wire Rope Engineers to adapt 
this standard machine in order to 
test static flexibility. 


3. Rope Testing Machine. This 
8-story high machine is designed 
to test and record the breaking 
strength of the rope when fin- 
ished and ready for the customer. 


Wire Rope Accelerate 


One of Its Ty ne 


7. Top view—shows simultaneous 
testing of three different wire 
rope constructions. Here, in days, 
ropes are subjected to punishment 
equal to weeks or months of hard 
service. 


8. Side view. Designed by Union 


d 


BS 


4. Chemical Analysis Laboratory. 
Steel for Union Wire Rope is 
made to rigid specifications. Here 
rods and wires are chemically 
analyzed to make certain that the 
correct combinations of carbon, 
manganese, etc., are kept under 
control. 


5. Wire Tensile & Torsion Tester. 
In tension and under torsion, this 
machine tests wires to see that 
they measure up to the extraor- 
dinary high level of strength and 
toughness mandatory in Union 
Wire Rope. 


6. Wire Fatigue Testers. The fa- 
tigue strength of wire rope is the 
sum total of the fatigue strength 
of the wires in its construction. 
Here, the wires in tension and 
bending are tested for fatigue 
strength. 


imaue tacrTar — Univ 
» ee é w Ses F 


Stra ek A, 

Wire Rope Engineers, this accel- 
erated fatigue tester is equipped 
with sheaves from 8” to 24” per- 
mitting application of any bend- 
ing strain. Tensile loads up to 
12,000 lbs. are applied. Thus wire 
rope life under toughest fatigue 
conditions is pre-determined. 


After Union Wire Rope designs pass all of the exhaustive testing imposed 
by this array of highly specialized laboratory equipment and technical 
experts, Union Wire Rope engineers submit it to the final test. In the field, 
under actual working conditions, they confirm the longer life expectancy 
indicated by laboratory findings and determine proper application which 


in itself is vitally important. 
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TRADE MARK (®) 
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e For Jackknife and Standard Rotary Rigs... 
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Now, operators with rotary drilling 
line problems are a happier lot. For 
many months, Union Wire Rope engi- 
neers have been working closely in the 
field with many of them. 

This, coupled with exhaustive labora- 
tory research by technical experts, re- 
sulted in the development of the right 
combination of steel and construction 
to whip rotary line problems. 

Field tested with good results, this 
new line, known as Tuffy Rotary, is 
in expanding production. 

It is made for two operations—jack- 
knife and standard rotary drilling. 
This simplifies ordering and deliver- 
ing to you the proper grade of steel 
and construction to give you the ulti- 
mate low-cost rotary drilling line. 
There is no need to be confused with 
former complicated specifications. Just 
remember the name Tuffy. To write a 
typical order is as simple as this: 
2500 feet, 1% inch Tuffy Rotary Jack- 
knife line, or 2500 feet, 1% Tuffy 
Rotary Standard line. 

Write today for an “in-person” pres- 
entation of full data. 
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chromate in field operations. .In some 
cases, severe plugging of tubing oc- 
curred when this material was in- 
jected. Various amines, bone oil, sodi- 
um silicate and some of the organic 
inhibitors have been used with vary- 
ing degree of success. 

In the case of sodium silicate, it has 
been reported to the committee that in 
addition to having some degree of 
success in mitigating corrosion, it also 
sealed off the thread leaks in the tub- 
ing string. 

The most extensive inhibitive treat- 
ment at the present time is with com- 
mercially available organic inhibitors. 
\ notable reduction of iron in the pro- 
duced waters indicates some wells can 
be effectively treated with these mate- 
rials. Two methods of application are 
available. In liquid form the material 
is pumped into the annulus. In stick 
form the material is lubricated into 
the tubing and allowed to drop to bot- 
tom. 

Soda ash, sodium bicarbonate, sodi- 
um hydroxide, potassium carbonate 
and some of the above in combina- 
tions are being used with efficiencies 
of 80 to 100 per cent reported. These 
percentages are based on iron content 
of water before and after treatment. 

\s of November 30, 1949, twenty- 
nine operators reporting to the com- 
mittee listed a total of 2113 gas con- 
densate wells with 932 considered as 
corrosive, At that time 41.42 per cent 
of these wells were being chemically 
treated. H. E. Waldrip’s subcommittee 
is responsible for these statistics, 
(Table 1). Treatment costs range 
from 20 cents to $1 per 1,000,000 cu 
ft of produced gas. 





Oil Supplies in War 


During World War ll, the Pacific Ocean area required 22 million barrels 
of petroleum products monthly. The lwo Jima campaign alone, for instance, 
used enough fuel to fill a train of railroad tank cars 238 miles long and 
enough drummed lubricating oil to fill 125 box cars. This is only. an indica- 
tion of the tremendous demands made on the American petroleum industry 
by the armed forces of the United Nations—demands that were fully met 


on all fronts at all times. 





These figures indicate the reason oil resources are a prime objective for 
any nation that may conceivably participate in a future war. 





Coatings 

Several operators have installed 
strings of coated tubing in known cor- 
rosive wells. This coating comprises 
several coats of baked-on_ plastic type 
material. The data on this form of 
mitigation available to the committee 
indicates effective mitigation in most 
cases. Improved application tech- 
niques, particularly on the pipe ends 
and collars have apparently elimi- 
nated one of the weak spots in this 
method. Continued caliper surveys 
and other checks will further deter- 
mine efficacy of this treatment. 


Alloy Tubing 


Laboratory tests indicated at an 
early date that some of the alloys. 
particularly chromium and_ nickel, 
were resistant to this type of attack. 
In concentrations of 9 per cent and up, 
little or no evidence of corrosion was 
found. In lower concentrations the 
nickel alloy showed some attack. How- 
ever, in the NACE field tests, 5 per 
cent nickel appeared to be on the bor- 
der line and possibly effective under 
mild conditions, 
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The problem of obtaining an alloy 
with satisfactory physical characteris- 
tics was finally overcome by manu- 
facture of the tubing by the mills and 
application of special threads on the 
pins and boxes by a separate fabri- 
cator. 

The first string of nickel alloy tub- 
ing was delivered and run about 
two years ago and has been closely 
checked at frequent intervals up to the 
present time with excellent results so 
far. Waldrip’s subcommittee reports 
that to date 51 strings of nickel alloy 
tubing have been installed. These in- 
stallations are being closely watched 
and checked by the individual opera- 
tors. It is the usual practice to run a 
caliper survey when the string is in- 
stalled for basis of comparison with 
later runs to determine if corrosive 
attack is evident. As yet, we have had 
no indication of measurable attack 
reported on these strings. 


Conclusion 

Though it is yet too early for the 
committee to state any definite con- 
clusions, I feel that sufficient data is 
at hand to predict a solution of the 
gas-condensate corrosion problem. In 
a number of wells presently being 
treated successfully and economically 
by injection of inhibiting agents, the 
practice will doubtless continue. As 
time goes on new wells are completed 
in known corrosive areas the use of 
alloy tubing will increase. 

It is reasonable to believe that with 
continued widespread use of these 
alloys that the present cost will be 
appreciably lowered. This naturally 
would encourage their use in greater 
quantities. 

One very important function of the 
NGAA committee is the interchange 
of information on the performance of 
equipment and methods of operation. 
Reporting on the performance of di!- 
ferent alloys allowed us to take care 
of the wellhead equipment in short 
order. Comparison of results on in- 
hibitors and neutralizers made it pos- 
sible to define the proper field of 


application for the various treatments. 
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“Easiest pipe to 
run | ever 
handled...” 








—tays an Minsis driller 








“,.. EVERY JOINT STABBED AND RAN 
PERFECTLY,” stated this Illinois driller after 
running 2960 feet of 5'/2-inch, H-40 Republic 
Electric Weld Casing in just two hours, thirty- 
five minutes. He calls it, “the easiest pipe to 
run I ever handled.” 


Yes, easy does it... fast—and safely, too, when 
you're running Republic Electric Weld Casing. 








Manufactured under Republic’s advanced Electric 
Weld Process, these high ductility steel walls are 
uniformly thick, uniformly round and sound. 
They’re full normalized for uniform structure 
and cold sized for high yield strength. They offer 
top resistance to the dangers of collapse. 





A uniform depth of tough steel under thread 
roots all around the pipe helps protect strings 
against pull-outs. 


Hoisting long lengths of Republic Electric Weld 
Casing onto your derrick floor is your assurance 
of easy handling, plus complete protection. 
Specify it with confidence. 


REPUBLIC STEEL CORPORATION 
GENERAL OFFICES * CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


= mM s 
REPUBLIC 


STEEL 


Other Republic Products include Line Pipe—Carbon, Alloy and Stainless Steels—Upson Studs, Bolts and Nuts—Electrunite Heat Exchanger Tubes 
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Radioactivity Well Logging’ 


R apioactiviry well logging is by far 
the most interesting of all oil field 
services, as it produces results which 
approach the supernatural and are 
actually phenomenal. 


As in the case with any technical - 
service, you, the user, are a bit reluc- - 


tant in accepting this outstanding 
geological aid for fear of becoming in- 
volved in something with which you 
are not familiar. In fact, we may go 
so far as to say the average layman 
postpones the reading of scientific ma- 
terial, prepared in the usual manner, 
because of its dryness and longhaired 
characteristics. This explains why the 
majority of geologists, petroleum en~ 
gineers and other interested oil field 
personnel are not as well versed in 
the subject of radioactivity well log- 
ging as they should be, and, as a re- 
sult these men are laboring under a 
false impression. 

The basic theories and principles 
underlying a combination radioactiv- 
ity well log are actually quite simple, 
and even though you, as a reader, may 
not be technically trained, the phenom- 
enon is readily understood and may 
be explained in simple language. 

Radioactivity well logging was de- 
veloped by a group of scientists 
known as Well Surveys, Inc., in Tul- 
sa, Oklahoma. After a period of ex- 
tensive experimenting and field test- 
ing, the Lane-Wells Company was li- 
censed to expedite and offer the serv- 
ice to the oil industry. The first com- 
mercial gamma ray log was run in the 
summer of 1940 and since that. time 
over 25,000 successful logs have been 
completed throughout the oil produc- 
ing areas of the United States. 

As we have come to know the serv- 
ice today, a combination radioactivity 
well log is comprised of two parts, a 
gamma ray log, which accurately 
identifies stratigraphy or geologic 


formations, and the neutron log, © 


which indicates possible fluid filled 
porous zones in sandstones and lime- 
stones. With this type of information 
available it is simple to make a proper 
interpretation of the log, and without 


+Presented at the Spring Meeting of the 
Eastern District A.P.I. Division of Production, 
Hotel Cleveland, Cleveland, Ohio, April 28, 1950. 


hea aa Company, Oklahoma City, Ok- 
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any additional data the average re- 
completion problem is well on the 
way to solution. 

The above facts, as presented, do 
not create an outstanding achieve- 
ment, as much of this important in- 
formation may be obtained by va- 
rious other means, such as—an elec- 
trical log, sample determinations, 
time log, mud analysis and many 
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home-spun methods, but are obtain- 
able only during the actual drilling of 
the well. 

It may be recalled that in the early 
days of rotary drilling, the above men- 
tioned geological aids were not avail- 
able or were disregarded in the mad 
rush to reach the primary objective 
in order to cash in on the early flush 
production, and very little attention 
was given to possible pays that were 
unknowingly passed up and cased off. 
As an outstanding example, many 
wells in the greater Seminole Area of 
Oklahoma were drilled to the prolific 
Wilcox sand with no regard to highly 
profitable upper pay zones, many of 
which would have produced oil in 
commercial quantities. In addition to 
the lost geological information, inac- 
curate measurements, crooked holes, 


and very poor casing records have all 
added to the impossibility of complet- 
ing an economical remedial program 
on this type of well, and the mission 
is still a lost cause unless a combina- 
tion radioactivity well log is employed 
to regain the necessary data for prop- 
er recompletion. It is now possible to 
obtain a permanent record of geologi- 
cal conditions behind multistrings of 
pipe as easily and as accurately as in 
open hole. Generally speaking, the 
immediate environment surrounding 
the subsurface recording instrument 
has no apparent effect on the results, 
and identical log characteristics may 
be obtained in either cased or open 
hole. Logs recorded in void bore 
holes, or in those partially or com- 
pletely filled with various fluids, may 
be superimposed—one upon the other 
—with little or no change in pattern. 
Common well fluids, such as fresh. or 
salt water and mud composed of va- 
rious conditioners, including oil 
based mud and oil or gas, have no ap- 
parent effect on the log which elimi- 
nates all well conditioning necessary 
prior to the running of an electrical 
log in many areas. 

A gamma ray log, or a combina- 
tion radioactivity survey, not only re- 
gains lost geological information 


.from wells which have been drilled 


and cased, but is also a valuable rec- 
ord on a new well, supplementing the 
electrical log particularly under ad- 
verse bore hole conditions. 


The Gamma Ray Log 


As the gamma ray log was the first 
to be offered as a service, let us dis- 
cuss the simple theory and principles 
underlying the recording of the log. 
It has been known since the advent 
of nuclear physics that all geological 
formations contain varying amounts 
of radioactive material, depending 
upon their individual characteristics. 
This unusual fact was recognized as 
the result of laboratory experiments 
but was not put to practical use until 
a relatively short time ago. Even 
though there are radioactive elements 
in all rocks, the fact until analyzed 
means very little to the non-technical 


person engaged in the oil business, . 


and the first step in the analysis is to 
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determine why radioactive material is 
so important and to form a mental 
picture of just what it is. To eliminate 
the highly technical definition of ra- 
dioactive material, we will boil it 
down to a few simple words and say 
that it is a substance having a tre- 
mendous amount of stored energy 
which is being continuously released 
through natural processes; in other 
words, breaking down, being con- 
sumed or being expended by disinte- 
gration and after a period of time it 
reaches a point when all of its energy 
has been spent and no further ac- 
tivity is indicated. 

A direct comparison of radioactive 
energy may be made to something 
which we can all visualize by igniting 
a piece of wood and watching it burn. 
During the process of burning, the 
wood is releasing stored energy in 
various forms, such as heat, light, 
smoke and other gases, and after it 
has been consumed, after all of its 
energy has been expended in the 
above forms, we have a residue of 


ashes. (Fig. 1.) 


If we had several different kinds of 
wood burning at the same time, it 
would be a simple matter to identify 
the various types of wood by the odor 
of their smoke, such as pine, hickory, 
oak, etc. During the period of burn- 
ing, or disintegration, they are giving 
off natural, tell-tale clues to their iden- 
tity. Radioactive material is compar- 
able to the burning of wood as during 
its process of deenergizing, it also re- 
leases certain physical factors which 
may be identified. 

Referring to Fig. 2, we see that ra- 
dioactive material releases Alpha par- 
ticles which travel a very short dis- 
tance—a small fraction of an inch, 





FIG. 1 
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and may be shielded by one thin sheet 
of bond paper. 

Beta particles are also released and 
have much the same characteristics as 
the Alpha particles, in that they travel 
a very short distance and can be con- 
fined by three or four sheets of card- 
board. Obviously, these two forms of 
released energy are useless for record- 
ing purposes and may be disregarded. 
In addition to the two mentioned par- 
ticles, some radioactive material ra- 
diates gamma rays in great quantities 
and these rays are so powerful that 
they have been detected through 12 
in. of solid steel, as well as 8 in. of 
pure lead. After a quantity of radio- 
active material has expended all of its 
energy by releasing Alpha and Beta 
particles and gamma rays, together 
with associated radioactive gases, the 
final residue is lead—shown in Fig. 2. 

It logically follows that if gamma 
rays have such penetrative qualities 

















and are present in all geologic forma- 
tions, they can easily be recorded 
through multi-strings of casing and 
offer a comparatively simple means of 
identification. 

The disintegration of radioactive 
material and the burning of wood 
are quite similar; both processes re- 
lease energy in different forms and at 
least one of these forms may be iden- 
tified. In the case of burning wood, 
the time required to reach the end 
point of ashes is relatively short, but 
with radioactive material in the 
earth’s crust, the time element is con- 
siderably longer as the half life of 
radioactive substances found in for- 
mation samples is as high as 2,000,- 
000 years. 


Origin of Radioactive Material 

Referring to Fig. 3, you will note 
that three common elements furnish 
the major portion of the radioactive 
material found in the three main 
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classifications of geologic rocks. Upon 
reviewing our elementary geology, we 
recall that primary, sedimentary and 
metamorphic rocks are the result of 
erosion of igneous rocks and their 
composition may be traced to their 
original source material. In order to 
eliminate considerable unnecessary 
and unrelated geological discussion, 
we concede that all geologic forma- 
tions contain relative amounts of ra- 
dioactive material, regardless of type 
or character. 

A most interesting and helpful coin- 
cidence reveals itself as we refer to 
Fig. 3. It is noted here as a generality, 
that regardless of the classifications 
of the rock, as it becomes darker in 
color it also becomes more highly ra- 
dioactive in character. This fact does 
not prove true in all cases but is the 
rule rather than the exception and 
may be used to advantage in some 
areas where detailed interpretation is 
required. 

Because both experience and geol- 
ogy have taught us that petroleum is 
most generally associated with sedi- 
mentary rocks — in origin and accu- 
mulation, we will confine our imme- 
diate attention to the three most com- 
mon sedimentary formations; namely, 
limestones, shales, and sandstones. 


Hypothetical Curve 


Referring to Fig. 4, you will note 
that a hypothetical curve has been 
plotted opposite a sequence of lime- 
stone, shale, and sandstone. You will 
also notice, at the very top of the 
sketch, that recorded radioactivity in- 
creases to the right, as indicated by 
the arrow. These measured increases 
in radioactivity could have been as 
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easily indicated to the left but, usual- 
ly, graphic representations of higher 
values are plotted to the right, a tech- 
nical practice of long standing. 

The topmost formation shown in 
Fig. 4 is a limestone and contains a 
relatively small amount of radioactive 
material, which in turn radiates its 
proportional share of gamma rays. 
These gamma rays have been pictured 
as “Supergams” and these “Super- 
gams” are exerting force on the 
curve causing it to be pushed to the 
right. For comparison, the limestone 
section has arbitrarily been given 
three “Supergams” to influence the 
curve. Underlying the limestone is a 
shale bed which contains consider- 


ably more radioactive material; con-: 


sequently, it radiates many more 
gamma rays and the additional force 
of these rays causes the curve to ex- 
tend much further to the right. We 
have more “Supergams” pushing on 
the curve all through the shale forma- 
tion and the added energy is reflected 
in a much higher reading. 


The sandstone formation at the base 
of the columnar section indicates a 
decrease in radioactive material, as 
the curve has returned to its original 


position—similar to that opposite the - 


limestone. Here we see only two 
“Supergams” exerting force on the 
curve end; theoretically, a sandstone 
should show a lower value than a 
limestone but in actual field practice 
it is impossible to differentiate accu- 
rately between a limestone and a sand- 
stone on a gamma ray log without 
other information. By laboratory 
analysis, most limestones are slightly 
more radioactive than sandstones, as 


B-42 


‘shown by the relative number of 


“Supergams” in Fig. 4, but the dif- 
ference in value is so small that for 
all. practical purposes they record 
within the same range of intensity. On 
the other hand, any shale—regardless 
of. its type or character, is more high- 
ly radioactive than either limestones 
or sandstones and may be easily iden- 
tified on,the average log without the 
aid of other data. 

Because of the normal sequences of 
geological deposition, we rarely find 
a limestone in direct contact with a 
sandstone but these formations are 
usually separated, or interbedded, 


with shales. For this reason we are 


able to identify easily the shale breaks 
on a gamma ray log and, with a rea- 
sonable knowledge of the local stratig- 
raphy, the low value readings may 
be interpreted as either limes or sands 
or gradational zones, depending upon 
the relative position of the curve. 

It must be remembered that all for- 
mations contain some radioactive ma- 
terial and for that reason there can 
be no zero value on a gamma ray log. 
All readings are positive and are rela- 
tive, depending upon their radioactive 
strength, which simplifies interpreta- 
tion and allows the average layman to 
become an expert on log correlation. 
As this paper deals only with the 
theory of radioactivity well logging, 
no attempt will be made to discuss in- 
terpretations. 


Radioactivity of Rocks 

The relative amount of radioactive 
content of some of the most common 
formations is graphically represented 
in Fig. 5. 

Coal, one of the lowest radioactive 
substances, is the outstanding excep- 
tion to the color clue referred to in 
Fig. 3, it being black and yet very 
low in radioactive value. The thick 
section of salt, common to West 
Texas and Kansas, is slightly more ra- 
dioactive than coal but less than either 
dolomite, limestone or sandstone. For 
all practical purposes, these three for- 
mations, dolomite, limestone and 
sanastone, may be considered as hav- 
ing approximately the same intensity 
and, on a log, they will record the 
same value within reasonable limits. 
It follows that a shaly limestone or 
shaly sandstone will be more radioac- 
tive than either a pure lime or sand be- 
cause of the radioactive properties of 
the contaminating shale. 

As a general rule, all shale is more 
radioactive than any of the formations 
shown in Fig. 5, with the exception of 
organic shale which is usually black 
and exceedingly high in radioactive 
content. Two well known examples of 
organic shale are the Woodford sec- 
tion of Oklahoma, which overlies the 


Hunton limestone, and the Heebner 
shale of Kansas, a widespread thin 
black shale identified 35 to 100 ft 
above the Kansas City limestone. Both 
of these organic shales react with suf- 
ficient intensity to require recording 
on second or third beam, which means 
that it exceeds the limits of the normal 
logging scale by two or three times. 
Two second beam shales are shown on 
the gamma ray log in Fig. 9. 


In order to make use of this radio- 
activity phenomenon for commercial 
purposes, it was necessary to devise 
some method of measuring and re- 
cording the relative amounts of radio- 
active material in various formations 
encountered in a bore hole. 


Electrical Circuit 


By laboratory experiment it was 
found that by employing the most 
elementary of electrical circuits the 
problem could be solved. Referring to 
Fig. 6, we see this simple circuit repre- 
sented by a storage battery, which 
supplies the current; an ammeter. 
which measures the flow of current; 
and two insulated electrodes in cylin- 
drical form. One electrode passes 
through the center of the cylinder and 
acts as a conductor of current, while 
the metal cylinder itself is the other 
electrode. Even though these elec- 
trodes are not in contact with each 
other and the insulating medium be- 
tween the two is air, there is a minute 
amount of current flowing at all times 
between these electrodes and the flow 
may be measured. If we substitute 
water for air in the cylinder the con- 
ducting medium has been improved. 
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and with no change in the power sup- 
ply more current will flow through the 
water than through the air, as it is a 
better conductor of electricity. Fur- 
ther improvement of the medium may 
be made by adding salt to the water 
and an additional increase in current 
flow will be indicated on the ammeter. 
It follows that when the two electrodes 
are in direct contact, we have a short 
circuit and the maximum amount of 
current passes through the water. 

Along with many other strange 
things known by physicists is the fact 
that there are certain gases which 
have the ability to conduct electricity 
by a phenomenon known as ioniza- 
tion. Thus the gas conductivity in- 
creases in direct proportion to the 
amount of ionization. This is useful 
because one means of producing ioni- 
zation is to subject the gas to bom- 
bardment by gamma rays, which is 
easily and conveniently done by plac- 
ing the gas chamber adjacent to va- 
rious geologic formations, which are 
continuously releasing gamma rays. 

As we previously discussed, electri- 
cal current will flow between two in- 
sulated electrodes. As the gas medium 
surrounding the electrodes is rendered 
electrically conductive by ionization, 
the flow of current increases. Our 
problem is solved by filling the cylin- 
der in Fig. 6 with gas and supplying 
an adequate current, together with 
certain requirements and suitable am- 
plifications. We now have a subsur- 
‘ace instrument which will be in- 
‘luenced by varying amounts of gam- 
ma ray bombardment from geological 
‘ormations. 

When the instrument is in the en- 
‘\ironment of a formation containing 
» small amount of radioactive material 
ach as sand or lime, few gamma rays 
we being radiated to bombard the 





confined gas; consequently, very little 
ionization is present and the flow of 
current within the ionization chamber 
is at a minimum. This condition is re- 
corded as a low value on a gamma ray 
log. 

As the instrument approaches or is 
surrounded by a more highly radio- 
active formation, shale, there are 
many more gamma rays available for 
bombardment of the gas, producing a 
higher state of ionization which per- 
mits more current to pass between the 
electrodes. On a gamma ray log, such 
increases in radioactive content are 
indicated by the curve moving to the 
right as shown in Fig. 4. 


Gamma Ray Subsurface 
Instrument 

Fig. 7 pictures a gamma ray sub- 
surface instrument which measures 
3° in. in diam and is about 10 ft 
long. The lower 3 ft is the ionization 
chamber and contains the electrodes 
and the inert gas under pressure. The 
top section of the instrument houses 
the power supply in the form of high 
voltage dry cells and also an amplify- 
ing system similar to the one in your 
home radio. It is necessary to pro- 
vide subsurface amplification to the 
measured flow of current as_ the 
amount is so minute it would be com- 
pletely lost before reaching the sur- 
face without assistance. The subsur- 
face instrument is controlled by 
means of a reverse concentric, single 
conductor wire line cable, operated 
by means of a hoist truck as indicated 
in Fig. 8. 


Typical Field Set-Up 


A typical field set-up is pictured 
here (Fig. 8), including a bore hole 
sketch showing the various formations 
with the subsurface instrument in 
position. 

On the surface there are two trucks, 
a hoist unit and a recording or in- 
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strument car, which are communica- 
tive by means of a connecting cable. 


General Logging Practice 

The subsurface instrument is 
lowered to the total depth of the well 
to check measurements and the log is 
obtained on the upward trip of the 
instrument. Hoist speed varies from 
20 to 70 ft per min, depending upon 
the type ef instrument in use; either 
the gamma ray or neutron log may be 
recorded on the first run. 

Summarizing the behavior of the 
log as the subsurface instrument is re- 
trieved from the hole, we note that the 
recording pen on the Speedomax re- 
corder varies in position, depending 
upon the radioactive value of the for- 
mation immediately opposite the sub- 
surface instrument. Starting from the 
bottom of the bore hole, in Fig, 8, the 
deepest formation is some form of 
igneous rock and in all probability 
will be above average in radioactive 
content. This being the case, when the 
ionization chamber is in position to 
be influenced by gamma ray radiation 
from this formation, the recorded 

«value will be relatively high. Review- 
ing the basic theory, it is readily seen 
that this is a natural function because 
the amount of current flowing between 
the electrodes in the ionization cham- 
ber is dependent upon the intensity of 
the gamma ray bombardment of the 
confined gas. 

As the instrument enters the lime- 
stone section immediately above the 
igneous material, the bombardment is 
less severe because limestone is very 
low in radioactive content; conse- 
quently, there is a minimum of 
gamma rays available for bombard- 
ment. This condition is recorded as a 
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low reading on the gamma ray log. 
A shale bed overlies the limestone 
and as the instrument surveys this 
formation, the readings will again in- 
crease as the result of added gamma 
rays for bombardment of the ioniza- 
tion chamber. 

The next formation, a sandstone, 
will also record as a lesser value due 
to its slow radiation of gamma rays, 
but the comparatively thin section of 
black shale in contact with the sand- 
stone will undoubtedly be a very high 
value and will require at least second 
beam recording. 

The limestone adjacent to the in- 
strument, shown in Fig. 8, will be in- 
dicated as a minimum value on the 
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gamma ray log in contrast to the 
overlying shale bed containing a 
much higher percentage of radioac- 
tive material. The surface formation, 
a sandstone, will record a normal low 
value. 


Type Log 

Fig. 9 illustrates a portion of a com- 
bination survey taken from a well in 
Kansas. The indicating arrow at the 
top of the log again tells us that ra- 
dioactivity increases to the right. 
Maximum peaks on the curve may be 
immediately identified as shale breaks, 
while minimum values, to the left of 
the page, are either limestone or sand- 
stone. In order to make an accurate 
differentiation between sand or lime 
from a gamma ray log, it is necessary 
to be familiar with the local stratig- 
raphy, or have the advantage of other 
well information for comparison. It is 
most reasonable to assume that in a 
given field there is such information 
available even though the individual 
horizons will not be logged in the 
same identical subsurface position 
from well to well. In the majority of 


‘ such cases sufficient formation con- 


tinuity will be present so that a defi- 
nite correlation may be made between 
a well with adequate geological infor- 
mation and one that has been logged 
by means of a radioactivity survey. 
When the objective is to obtain geolog- 
ical information not recorded during 
the original drilling of the Well, the 
data is successfully and efficiently re- 
gained through casing. Radioactivity 
well logging is the only known method 
by which such a feat can be accom- 
plished and it is within easy reach of 
all who need such a service. 


The detailed interpretation, as 
shown in the geologic column on the 
log (Fig. 9), is the result of expe- 
rience in the use of gamma ray logs 
combined with a general knowledge 
of the area, and after a short period 
of usage, the average geologist, petro- 
leum engineer, or production man be- 
comes an expert in radioactivity well 
log interpretation and correlation, 


The Collar Log 


The collar log is a record of the 
exact position of each casing collar 
and is recorded by means of a collar 
locator, usually run in conjunction 
with the gamma ray instrument. The 
collar log and gamma ray curve are 
recorded simultaneously and on the 
same chart. This service provides a 
permanent record of the fixed rela- 
tionships of the collars to the forma- 
tions. With the collar located, the top 
and bottom of formations are accu- 
rately established in relation to the 
nearest collar. 

Illustrated in Fig. 10, the subsur- 






THE PETROLEUM ENGINEER, Reference Annual, 1950 





face collar detector unit used with the 
gamma ray instrument is placed be- 
tween the instrument and the cable 
head. It utilizes a magnetic field and 
associated electrical circuits to indi- 
cate the location of a casing collar. 
When this subsurface detector passes 
a casing collar, an electrical impulse 
is generated. This impulse, through 
the amplifier unit, actuates the pen on 
the surface recording unit which indi- 
cates the collar located on the log. On 
the standard log form, collars are in- 
dicated by short horizontal lines 
which appear near the depth mark in 
the center of the log. 

Collar logs are useful in selecting 
the correct depth for setting bridging 
plugs, packers and cement retainers. 
Knowing where the collars are located, 
the operator can better determine the 
best place to set these tools with great- 
er assurance of obtaining the desired 
results. 























The Neutron Log 


With the problem of formation 
identification solved by means of the 
gamma ray log, it became necessary 
to supplement this data with addi- 
tional information relative to produc- 
ing horizons. The neutron log is ca- 
pable of indicating possible fluid bear- 
ing porous zones in limestones and 
sandstones, which completes the proj- 
ect of obtaining a workable record of 
formation conditions — in open or 
cased holes. 

The theory of the neutron log is 
equally as simple and understandable 
as that pertaining to the gamma ray 
log, but is much more complicated un- 
less explained in layman’s language. 
Processes other than natural occur- 
rences are necessary in obtaining a 
neutron log and, from a purely scien- 
tific viewpoint, involve many more 
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conditions which require precision 
control. 


Experiments in nuclear physics 
reveal that if any geological forma- 
tion is subjected to bombardment by 
a source of neutrons, this bombard- 
ment causes the formation to radiate 
additional gamma rays other than 
those emitted from the radioactive 
material contained in the formation. 
Gamma rays which normally radiate 
from a formation may be said to be 
primary gamma rays, while those 
which result from neutron bombard- 
ment are classified as secondary gam- 
ma rays. In the procurement of a neu- 
tron log we are dealing with second- 
ary gamma rays. 

The source of the neutrons is both 
interesting and important, It is known 
that if certain radium salts are com- 
bined with beryllium, the nuclear re- 
action produces neutrons in great 
numbers. Referring to Fig. 11, we note 
that helium four (He,) combined 
with beryllium nine (Be,) forms car- 
bon twelve {C,,), and an extra neu- 
tron. Helium four (He,) happens to 
be an Alpha particle, one form of re- 
leased energy in the disintegration of 
radioactive material (Fig. 2), while 
beryllium nine (Be,) is one derivative 
of the element beryllium. These two 
energized substances collide with ter- 
rific speed during the process of neu- 
tron development, or at the rate of 
50,000,000 ft per sec,-and after the 
successful violent impact takes place, 
the resulting neutron leaves the site 
of collision, traveling about 100,000.- 
000 ft per sec. 


This information as presented 
above, both in chart and written form. 
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is highly technical and of very little 
interest to the majority of neutron log 
users, but it is helpful to have at least 
some idea of how the theory of, the 
neutron log is applied in actual prac- 
tice. 

Fig. 11 is much too technical to 
remember and is not important in the 
use of a neutron log, but some idea 
of the origin of neutrons should be 
retained; consequently, if you will 
refer to Fig. 12, we have the same 
story in much simpler language and 
it is readily understood. All of the 
pertinent factors of Fig. 11 are shown 
here; the union of Raymond Radium 
and Bessie Beryllium—and as a re- 
sult of this nuclear nuptial, we have 
our little Neutron. Careful study of 
Fig. 12 reveals the all important time 
element necessary in the development 
of neutrons, as we have the desired 
product immediately following the 
marriage of Raymond and Bessie. 

Before leaving this portion of the 
discussion, let us again review the 
principles employed in obtaining a 
neutron curve. Assume we have a 
body of limestone in a well bore, 
which is indicated on the gamma ray 
curve as a very low value because 
limestone contains very little radio- 
active material; again, assuming this 
limestone is dense with no porosity, 
we introduce a source of neutrons 
into the bore hole so that these neu- 
trons may bombard the limestone. As 
a neutron leaves the source and comes 
into contact. with the formation, a aec- 


‘ondary gamma ray is released, one 


that would not have radiated without 
the assistance of the neutron. Under 
these conditions, the limestone is ra- 
diating both primary and secondary 
gamma rays, the former in small 
quantities by natural disintegration, 
the latter in much larger numbers as 
the result of neutron action. 

The object of the neutron log is to 
determine possible porous zones in 
sandstones and limestones and the ac- 
tion of the neutrons is dependent upon 
the condition of the formation. In a 
non-porous sand or lime the path of 
the neutrons to the formation is un- 
obstructed due to the absence of hy- 
drogen, and a very high percentage 
of the neutrons produce secondary 
gamma rays, as they have met with 
little interference. These secondary 
gamma rays are being recorded in the 
same manner as the primary rays on 
a gamma ray log—and when the neu- 
tron bombardment of the formation 
is efficient, the curve is influenced to 
the right, indicating a high gamma 
ray value. 

Fig. 13 pictures little Neutron rush- 
ing to the formation to release a 
Super-Supergam, (secondary gamma 
ray), which he successfully accom- 
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plishes. After little Neutron has com- 
pleted his mission, he expends him- 
self while Super-Supergam is well on 
the way to the ionization chamber to 
be recorded. 

It so happens that a neutron has 
approximately the same mass as a 
hydrogen nucleus, which affects the 
behavior of a neutron when a porous 
formation is subjected to neutron 
bombardment. 

Under normal conditions a porous 
formation will contain gas, oil or 
water, depending upon structural po- 
sition, but in any event there will be 
hydrogen present. The hydrogen con- 
tained in gas, oil or water acts as a 
partial barrier, as a majority of the 
neutrons will collide with a hydrogen 
atom before reaching the formation. 
It is readily seen that if only a small 
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Bethlehem is the only organization with facilities 
for building complete submersible drilling 
barges and the necessary complements of drill- 
ing machinery. This unique combination offers 
substantial advantages that cannot be dupli- 
cated anywhere else. 

It places at the customer's disposal the vast 
experience of Bethlehem Supply, one of the 
world’s great builders of rotary drilling equip- 
ment. It dovetails this with the specialized 
knowledge of Bethlehem’s Beaumont shipyard 
—a yard that has built more than half the 
country’s total of drilling barges. 

Bethlehem is therefore equipped to do the 
whole job—build the barge, build and install 
the drilling units, handle the piping, outfit 
everything. The customer is thus able to cen- 


BETHLEHEM SUPPLY COMPANY 


GENERAL OFFICES: 21 E. SECOND ST., TULSA, OKLA. 


BETHLEHEM STEEL COMPANY 


tralize responsibility; Bethlehem answers to 
him from the start. Gone are the worries, com- 
plications, mixups that so often occur when 
dealing with a dozen or more companies on 
the same job. 

Every item of drilling equipment, every detail 
of the barge, is engineered to fit harmoniously 
into the general pattern. This is made possible 
by the close supervision of a unified technical 
staff, whose work is co-ordinated at all times 
with that of the other divisions. 

An all-Bethlehem drilling barge will serve its 
owner well for years to come. No finer outfit can 
be purchased anywhere. Oil companies and 
contractors are invited to discuss details with 
representatives of Bethlehem Supply or 
Bethlehem’s Beaumont, Texas, shipyard. 







GULF COAST YARD: 


BEAUMONT, TEXAS 


Subsidiaries of Bethlehem Steel Corporation 








percentage of neutrons bombard the 
formation, there will be an equally 
small radiation of secondary gamma 
rays, which causes the curve to recede 
to the left, indicating a low value. 

In Fig. 14, we see the same little 
Neutron with a bad case of the 
“eagers” on his way to release a 
Super-Supergam; however, in the top 
alley we find Harry Hydrogen about 
to put the “snatch” on little Neutron 
and, as a result, he never does get far 
into the formation. The same condi- 
tion exists in the lower alley, where 
little Neutron is having hydrogen in- 
terference; but there are exceptions 
where even in the presence of hydro- 
gen, the neutrons successfully bom- 
bard the formation, releasing second- 
ary gamma rays. 


Neutron Subsurface Instrument 


The neutron subsurface instrument 
is practically the same as used in re- 
cording the gamma ray log with the 
exception of a few minor alterations. 
A sketch of the neutron instrument is 
show in Fig. 15. The neutron source 
in place is at the base of the instru- 
ment, shielded from the ionization 
chamber by an adequate thickness of 
lead. The ionization chamber is slight- 
ly smaller than that used in obtain- 
ing a normal gamma ray log, but the 
two subsurface instruments are essen- 
tially the same. 

Fig. 9 represents the gamma ray 
portion of a radioactivity survey 
which, when combined with the neu- 
tron curve in Fig. 16, completes a 
combination log over a series of geo- 
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logical formations. Again referring to 
Fig. 9, immediately below 3100 ft in 
the interpretation column, a solid 
limestone. section — about 60 ft in 
thickness, is indicated. This feature 
is obvious on the gamma ray log as 
the curve reflects a very low value 
over the entire zone “A”. 

The neutron log in Fig. 16 indi- 
cates that the top few feet of the lime- 
stone is non-porous, as the curve is 
deflected to the right to form peak 
(1) ; the neutron bombardment of the 
formation is complete with no hydro- 
gen interference, causing a heavy ra- 
diation of secondary gamma rays. 
Peak (2) in Fig. 16 denotes possible 
porosity, as the curve approaches a 
minimum value because of gas, oil or 
water content. In this zone the neu- 
tron bombardment was much less ef- 
fective due to the presence of hydro- 
gen which in turn reduced the radia- 
tion of a major portion of secondary 
gamma rays, resulting in a low re- 
cording. 

In the basal portion of the lime sec- 


tion, the formation again becomes 
dense or less porous, as indicated by 
the relative position of the curve to 
the right, peak (3). 

It will be noted that on the neutron 
curve, peak (4), a shale records as a 
possible porous zone, but, obviously 
shale is impervious and as a general 
rule never produces gas, oil or water. 
As will be remembered, the neutron 
curve is influenced by the presence of 
the hydrogen atom and the average 
shale contains a higher percentage of 
connate water than either a porous 
sand or lime. All shales on the neu- 
tron log are so indicated and may be 
confused with porosity if the type of 
formation opposite the indication is 
not known. For this reason, it is ad- 
visable to make all detailed interpre- 
tations from a combination radioac- 
tivity survey, where both the stratig- 
raphy and possible pay zones may 
be accurately correlated. 


Multizone Limestone Reservoir 


A typical example of a multizone 
limestone reservoir is illustrated in 
Fig. 17. The well is located in the Bur- 
ton gas field of Kansas and the illus- 
trated portion of the log covers the 
Mississippi limestone. From the 
gamma ray curve, the top of the lime 
may be picked at approximately 3260 
ft with the basal limeshale contact at 
3435 ft. Within this 175 ft of lime- 
stone there are five distinct and sep- 
arate porous zones indicated by the 
neutron curve. The geological infor- 
mation obtained from the combina- 
tion survey was checked hy sample 
and time logs with not more than 114 
ft discrepancy in any of the subsur- 
face datum points. Subsequent per- 
forating of the casing revealed that 
the two lower zones were water bear- 
ing; the next two higher zones pro- 
duced oil in commercial quantities 
and the top-most porosity is the wide- 
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On December 2, 1947. . . the first string of “Oil 
well” Grade “W” Sucker Rods started its “test run” in 
a California well . . . activating a 1%-in. insert-type 
pump, set at 6,483 feet in 2%-in. tubing. 

So that this field test* could be as conclusive as pos- 
sible, other-make high-tensile rods, which had previously 
given the best service in this well, were used immediately 
BELOW the corresponding size of “Oilwell” Grade “W” 
rods in the string . .. which was tapered as follows: 

34 joints — %” “Oilwell” Grade “W” Rods 
6 joints — %” Other-Make High-Tensile Rods 
174 joints — 4%” “Oilwell” Grade “W” Rods 

100-inch strokes at the rate of 8-per-minute is the normal 
operating rate forthis well; but peak polished-rod loads beyond 
40,000 Ibs. p.s.i. at 13 SPM were recorded by dynagraph. 

Pumping is continuous. During the first eleven months fol- 
lowing installation, breaks occurred twice in the 6-joint seg- 
ment of the “other-make” rods. This segment was later re- 
placed with 1” rods of same make. 

On May 15, 1950 (as this advertisement was being released 
for publication) “String #1 of ‘Oilwell’ Grade ‘W’ Sucker 
Rods” had been in operation for 895 days without a break... 
and was still performing beautifully. . 
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“Oilwell” Grade “W”’ Sucker Rods 
. . . give you reasonably priced rod strings for long- 
stroke, slow-speed pumping applications . . . where 
high stresses are encountered . .. and where corrosive 
conditions are mild. 


Because ... of their higher fatigue resistance, you can 
reduce operating costs by using: 

1. Longer string segments before tapering to 
larger rod sizes. 

2. Smaller size tubing. (%4” rods can be used in 
2” tubing where %” rods would require 
undersize couplings). 

3. Smaller pumping unit requirements. 

4. Higher factor of safety against breakage. 


*“Oilwell” Representatives can give you complete 
details on this test... and GIVE YOU FACTS 
on the complete line of “Oilwell” Sucker Rods that 
will enable you to select the most economical grade 
for your requirements. 


OIL WELL SUPPLY COMPANY 
Branches Serving All Oil Fields 

Executive Office—DALLAS, TEXAS Division Offices—CASPER, WYOMING 

Export Division Office — COLUMBUS, OHIO... DALLAS, TEXAS 

30 ROCKEFELLER PLAZA HOUSTON, TEXAS...TULSA, OKLAHOMA 

NEW YORK 20, N.Y. LOS ANGELES, CALIFORNIA 























spread Chat, gas producing horizon 
of the Mississippi lime. 

Many oil producing areas of the 
United States present similar condi- 
tions where multizones of upper pays 
have been cased off, and in many in- 
stances the individual horizon does 
not exceed 5 to 10 ft in thickness, par- 
ticularly lenticular sandstones. It is 
imporiant that these thin pays be az- 
curately located to avoid unnecessary 
perforating and expense in the at- 
tempt to exploit uncertain zones. A 
combination radioactivity well log is 
the most efficient and economical solu- 
lion to this type of production prob- 
lemi, regardless of the area, as the re- 
sults are informative and entirely 
dependable. 


- 


Summary 

Referring to the summary of the 
capabilities and limitations of each 
log in Fig. 18, we find that the gamma 
ray log measures natural or primary 
gamma rays, whereas the neutron 
curve records secondary gamma rays 
radiated as the result of neutron bom- 
bardment of the formation. 

The appearance of a gamma ray 
log resembles the natural potential 
curve on an electrical log and the neu- 
tron log follows the general pattern of 
an electrical log resistivity curve. Re- 
gardless of the similarity of pattern, 
the basic theories of the radioactivity 
and electrical logs are entirely differ- 
ent. 

\ camma ray log ideutifies forma- 
tions, or stratigraphy, which is im- 
possible on a neutron curve, and may 
be interpreted without additional in- 
‘urmation. It is necessary to supple- 
ment the neutron curve with other 
geological data since shales and po- 
rous sands and limes develop essen- 
tially the same type of “kick” and one 
could be easily mistaken for the other. 

Type formations, such as highly 
radioactive shales or low value limes 
and sands, afford excellent markers 
for gamma ray log correlation, Cor- 
relation of neutron logs may be made 
on indicated porous zones in either 
sandstone or limestone. 


It will be remembered that on a 
gamma ray log, shales are recorded 
as high values compared to low 
values on the neutron curve because 
of the high percentage of connate 
water in all shale. 


Radioactive formations have a great 
effect on the gamma ray curve but the 
influence of these same formations 
on a neutron log is negligible. The 
diameter of the bore hole may change 
because of formation characteristics, 
but these changes are not reflected on 
a gamma ray log. Any appreciable 
change i in bore hole diameter causes 
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the axis of the neutron curve to shift; 
as the diameter of the hole becomes 
larger, the axis of the curve shifts to 
the right. 


In most areas, casing has no effect 
on a gamma ray log and it is impos- 
sible to determine from the log which 
portion of the hole is cased. On the 
neutron curve, there is a definite shift 
to the left as each string of casing is 
entered. 


Fluids or gas within a formation 
are not indicated on a gamma ray log 
but are reflected on the neutron curve 
as possible porous zones. The gamma 
ray log does not indicate fluid levels 
within the bore hole as does the neu- 
tron curve. In running a neutron log, 
when the subsurface instrument leaves 
fluid and moves into the void bore 
hole, the axis of the curve shifts to 
the right. 


There is no indication of possible 
porosity on a gamma ray curve, but 
it is the function of the neutron log 
to identify porous zones in sands and 
limes by means of the relative 
amounts of hydrogen contained in 
these formations. 
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**L’? CUP—lIdeal for lifting me- 
dium or light loads from any depths. 
In the Blue Box. 


6 J’? CUP— Made specifically for 
unloading deep, wet wells with 
heavy fluid column. 


In the Yellow Box. 


**K’? CUP—Designed for light 
work; very durable, very flexible. 
Normally recommended for swab- 
bing to 6000’. 

In the Red Box. 


WRITE FOR—or ask your Guiberson 
representative for—the new booklet on 
all the Guiberson tubing swabs. 














HERE'S THE MOST 
USEFUL TUBING SWAB 
EVER MADE! 


“I know what I’m talking about—but you don’t have 
to take my word for it. All over the world the men who 
actually do the swabbing say the same thing .. . that 
you can’t beat the Guiberson “K” swab and “L,” “J” 
and “K” cups!” 


The man’s right, of course. Anyone who has ever used 
a Guiberson swab will tell you that it’s a top-notch 
performer that drops exceptionally fast and comes 
back up with a full load every time there’s a full load 
to pick up. It’s fast dressing—takes the interchangeable 
“L,” “J” and “K” cups in pairs or in any combination. 


With the versatile “K” swab and these three Guiberson 
cups, you can effectively and economically swab ANY 
well—lift the most fluid in the least number of trips. 


BY LEADING OIL FIELD SUPPLY STORES EVERYWHERE 
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In Illinois, Indiana, Kentucky, 


Ohio, Michigan, and West Virginia 


T ue declining discovery rate of-new 
oil fields in Illinois and Michigan, 
along with their increased develop- 
ment costs, have caused producers to 
consider the practicability of water 
flooding their existing productive 
acreage during the last few years. 


Illinois and Michigan 


Previous to the year 1943, when the 
first pilot flood, of any magnitude, 
was placed in operation in the Patoka 
field, water flooding was given little 
consideration by most operators. Fol- 
lowing the success of this venture 
water flood activity has gained mo- 
mentum until at the present time, 
there are a total of 33 active floods. 
This number includes 18 pilot and 
1 dump floods. 


For purposes. of discussion, the 
state of Illinois was divided into three 
arbitrary geographical areas. The first 
area comprising the counties of Edgar, 
Clark, Coles, Crawford, Cumberland, 
Lawrence, and Wabash; the second, 
the counties of Clay, Edwards, Effing- 
ham, Gallatin, Hamilton, Jasper, Rich- 
land, Wayne, and White; the third, 
the counties of Bond, Clinton, Fayette, 
Franklin, Jefferson, Madison, Marion, 
Perry, St. Clair, and Washington. 

\rea 1, has 14 floods in operation 
with flooding depths ranging from 500 
to 2000 ft. The operators, except in a 
few instances, are employing fresh 
water as the flooding medium, the sup- 
ply source being gravel beds or shal- 
low wells. Water treatment of some 
type, usually aeration and filtration, 
is employed. The 5-spot is the pre- 
dominant flood pattern. Date for 
floods in Area 1 are listed in Table 1. 


\rea 2 has 14 floods in operation, 
| of which are dump floods. The word 
“dump” is used to designate a flood in 
which the pipe has been ripped, shot 
or perforated in an upper water zone 
in one or more wells, and a flood over 
which very little control is exercised. 


*Sohio Petroleum Company, Centralia, Illi- 
nois. 

**Sohio Petroleum Company, Owensboro, Ken- 
tucky. 

*Presented at the spring meeting of the east- 
ern district API Division of Production, Hotel 
Cleveland, Cleveland, Ohio, April 26, 27, 28; 1950. 
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Resume of Water Flood Operations* 


R. R. VINCENT* AND K. P. HUFFMAN** 


Data for floods in Area 2 are listed in 
Table 2. 

Attention is directed toward the 
greater depths encountered in this 
area, ranging from 3000 to 3200 ft. 
The area contains one proposed flood. 

Area 3 has five floods in actual op- 
eration. In addition, there are two 
proposed floods. The flooding depths 
range from 1410 to 1900 ft, with the 
5-spot flood pattern again. predomi- 
nating. Data for floods in Area 3 are 
listed in Table 3. 

The state has a total of 11 pattern 
floods that can be classified as past the 
pilot stage of development, and 17 in 
the pilot stage. There are three areas 
where dump flooding predominates. 

At the present time, Michigan has 
no active floods, however, tentative 
plans have been made for one pilot 
development. 


Present Day Trends 


We would like to consider briefly 
the operators’ present day thoughts 
concerning future water flood devel- 
opment. . 

In the past, operators generally 
used fresh water for flooding. In re- 


‘cent years; the trend is toward the use 


of a sub-surface supply, with the open 
type system giving way to the closed 
system. Water treatment is considered 
necessary in both systems. 

The general trend has been to 
wider spacing between like wells with 
the conversion of alternate oil wells to 
injection wells. 

An increasing number of floods are 
operating under some form of unitiza- 
tion, showing that operators are more 
carefully weighing the advantages all 
parties can realize when the prospec- 
tive gains and risks are mutually 
shared. 

Newly discovered fields are being 
considered as water flood prospects 
early in their productive life in order 
to realize a greater ultimate recovery 
through early water injection. 


Future Prospects 


Qn January 1, 1950, the API re- 
serve estimate for the state of Illinois 


was some 468,000,000 bbl of oil. Of 
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this amount, 134,000,000 bbl or 28.6 
per cent was attributed to secondary 
recovery projects now underway. The 
state is currently producing 185,000 
bbl of oil daily and it is estimated that 
at least 10,000 bbl is water flood oil. 

As the number of floods increases, it 
is reasonable to assume that water 
flood oil will account for a greater 
percentage even though new fields will 
be found and developed. 


Indiana, Kentucky, Ohio, 
West Virginia 

Indiana. Indiana has had very little 
water flood development to date. To 
the authors’ knowledge only three 
floods are in operation at the present 
time. 

The only pattern flood on which we 
have any data is unusual, with refer- 
ence to the rest of the area, in that, 
so-called alternate 440 ft spacing is 
being used. This results in a water to 
water spacing of 620 ft or approxi- 
mately 8.9 acres per five spot and does 
not require the drilling of any new 
wells. 

Kentucky. Water flooding in Ken- 
tucky is confined principally to the 
western part of the state. Although 
some pilot floods are in operation in 
eastern Kentucky, no data have been 
released on them to date. 

The initial project in the western 
Kentucky area was begun in 1941. At 
the present time it is estimated that 
approximately 1500 acres are under 
water flood. This includes patttern and 
flank, or peripheral floods, as well as 
some floods that are not listed in 
Table 4 due to inability of the authors 
to secure the necessary information. 

Ohio. Water flooding was com- 
menced in Ohio in 1939, shortly after 
water flooding was legalized in the 
state, by the drilling of 9 water intake 
wells and 4 producing wells to the 
Berea sand in the Chatham pool, Me- 
dina County, Ohio. Since that time the 
pool has been progressively developed 
until at the present time there are 800 


acres being flooded. 


The unusually erratic occurrence of 
the Berea sand, wide range of perme- 
abilities and great variation in satura- 
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Straight-from-the-shoulder-facts 


every oilman should know about 


DRILL COLLARS 


looks so simple—just a hollow bar of steel. But a good Drill Collar contains 
more “hidden” qualities ... more years of “know how”. . . more testing, check- 
ing and rechecking than probably any other drilling tool—certainly far more 


than most oil men realize! 


Because of its apparent simplicity, many rule-of-thumb methods 
of judging Drill Collars have sprung up over the years—misunderstandings that 
cost the industry thousands of dollars in unnecessary losses every year. In a 
sincere effort to clear up some of these inaccuracies, Baash-Ross Tool Com- 
pany—one of the largest and most experienced producers of quality Drill 
Collars—herewith summarizes some of the most important facts every oil 


man should know about Drill Collars... 





f '6T in itil the steel to 


be used in a Drill Collar, chemical 
specifications alone are not 
enough! 

For example, simply to specify 
that a Drill Collar should be made of 
4142 alloy steel—or any other AISI 
specification steel—permits far too 
great a variance of alloys to obtain 
uniformity of the required physical 
Properties in the finished product. 

_ Alloys that produce uniform prop- 
erties when used in small cross-sections 
Produce entirely different sub-surface 
Properties when used in a thick-walled 
Product such as a Drill Collar. There- 
fore, the steel used in Drill Collars 
should be selected by the “hardening 
characteristics’ as well as by chemical 
Specification. 

Baash-Ross does this by checking 
the “End Quench Hardenability” index 
of each individual heat of specified 
steel to determine exact hardening 
characteristics. Then, based on this test, 
each heat of steel is separately classi- 
fied as to the size of product cross 
Section that particular steel is to be 
Made into to secure the desired uniform 
Physical properties in the finished 
Product. 

Thus, by preselecting the steel for 
each Drill Collar by its individual harden- 
ability characteristics—not by general- 
ited chemical specifications—Baash-Ross 
“ssures each Drill Collar having the cor- 
rect sub-surface as well as surface prop- 
erties in the steel. 






c) 
SeCON .,ccieyine snes 


the Drill Collar is to be of press 
forged steel is not enough! 


Although forged steel is denser 
than rolled steel, the really important 
thing is how the forging is processed— 
the way it is heat-treated to develop 
the forging to its best physical prop- 
erties. 


Through years of experience, 
Baash-Ross has learned that these 
processing steps are quite critical and 
must be accurately controlled to pro- 
duce a Drill Collar free of structural 
defects and residual stresses. First, the 
forged bar is normalized and tempered 
over its entire length in one operation 
to produce a homogeneous structure 
and stress-free physical properties. 

After the bar has been machined 
to the specified outside and inside di- 
mensions, each end of the Drill Collar 
is again treated by an oil quench and 
tempering operations to produce the 
required uniform physical properties 
necessary for the threaded end zones. 


Thus, a forged Drill Collar is pro- 
duced that is free from residual stress to 
assure sustained straightness—with high 
impact values to resist shock loading— 
and with the end zones of such uniform 
physical qualities as to permit repeated 


recutting of the threaded ends without 


’ reduction of original joint strength! 










































































































































































Thittd specins se ae 


and type of joint desired on the 
Drill Collar is not enough! 

Almost any machine shop can cut 
joints that will reflect proper gage 
standoff and will thread together, but 
the important thing is whether the joint 
is machined to obtain its full designed 
efficiency. Joints that are not produced 
with accurate thread form, lead and 
taper will permit wobble and cause 
failure. Furthermore, joint alignment 
in Drill Collars is particularly important 
because the rigidity of these members 
concentrates misalignment stresses on 
the pin portions and is the most com- 
mon cause of joint failure in Drill Col- 
lars. 

Baash-Ross assures accurate thread 
form, lead and taper in every joint by 
a prescribed method of checking and 
gaging that goes far beyond standard 
gaging standoff tests. Then the alignment 
of every joint is precisely checked with 
a Baash-Ross Alignoscope* to assure its 
not varying by more than 1/10 of 1% of 
theoretically perfect with respect to the 
longitudinal axis of the Drill Collar— 
virtually perfect alignment! 





*For descriptive details see page 463 of 
your 1950 Baash-Ross Composite Cata- 
log. 
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Baash-Ross Drill Collar 
of absolute true a 



















































































TABLE 1 
WATERFLOODS IN EDGAR, CLARK, COLES, CRAWFORD, CUMBERLAND, LAWRENCE AND WABASH COUNTIES, ILLINOIS 
PRIMARY DATA 



















































































oil Natural 
Prod ea th —" Developed Recover Recovery Taitiel Prod. Type Original ._% Viscosity Weter 
co ness velo 
— asd creravor formmiion fata”. Rexk. Developed — Reso teT) (ois s“kare) {Bolgs-Dey)~ strusture BI’ (PSt) (OAPI) ~ ep) Drive 
* Sand 1 ho 200 Dome 30.0 No 
; Sonia ee 200" Sand 1908 300 22 443 2,000,000 Stratigraphic 200 = 3 sn 
5 Brid, t Ohio Bridgeport 900 50 . 
a Browse Rest Magnolia = 1946 2600 12 174 49,125 Stratigraphic oe » 
Gale hagnol Bien 1983180015 10 34,000 Lense 30:0 No 
€ Galvin North Ma ie , 2 
Priendeville North Magnolia Biehl 1946 1500 15 ho 12,933 smeenangnie ie ‘a0 = 
Johnson North W.L.Pickens Casey 1906 = 450 15 300 15 —. 30.0 F so 
Johnson South Forest Upper Partlow 475 55 35.0 No 
1 Tidewater Robinson 900 110 8,000 Lense 38:0 ilo 
11 Robinson io a 4 900 = =e os 
1 Robinson Lo ol on . 
13 Siggins Forest lst Siggins 1906 Roo 38 3000 3,600 reel i “sd a se 
14 Siggins Pure lst Siggins 1906 500 25 ho2 (2,000,000 ratigraphic 5S. 
2nd Siggins 1906 500 6 269 
WATER FLOOD DATA 
= WeP. 
Cumulative 
oil Water Recovery 
Water Ave. Sand Averege Ave. ape or ae is re -< bl —— oi ial al ik a Water Be1s50 
. retion 00 Oo. © 2 
started Acrenge “Peet fg) fed). {g) Pattern Intake Oh © _(Bbl8) production ‘EGS Souee~Tremtment (gpis) ____(pis) 
ir Pi, 000 
1 x 6 4.4 44Q' -spot 56 60 800,000 Flow Fresh Glacial Drift Yes ett 
: +4 - 16-9 ty 3620 44.0 4uor) aes 131 125 1,400,000 Plow Fresh Gravel Beds Yes 630 
- 114 50 660', 5-spot 9 29 Pump Fresh Shallow Wells Yes ei8 0200 
168 12 18.0 100 Line Drive 3 12 Pump Brine Tar Springs fio 252,98) 
22 27 16.1 122 25.7 44O', 5-spot 13 5 44,000 Pump Fresh Glacial Drift No 
10 15 19.0 85 660', B anot 1 4 Pump Fresh Penn. Sand No 96,053 
18 15 16.0 81 660', 5-spo 2 = Pump Fresh Penn. Sand No 12908 3 éacabe 
50-60 15 19.0 200 45.0 25.0 5-spot Irregular 18 17 Pump Fresh Gravel Beds No ee on , 
60 55 16.4 285 31.2 ', 5-sp 24 14 150,000 Pump Fresh Glacial Drift Yes 2292, 50,000 
30-35 22 22.0 175 45.0 14.0 anes? 5- soot 9 9 140,000 Pump Brine Basal Penn. No 70,000 , 
89 20 440", 5-spot 2h 30 Pump Fresh Gravel Beds No 278,000 
113 20 440", 5-spo 25 37 Pump Fresh Gravel Beds N ’ 
1300 38 1 4o 32.0 440"? 5-spot 322 251 4, 875, 006 Pump Fresh Glacial Drift No 14,895,000 
hoe 25, 18.5 45 29.8 52.2 440", 5-spot fas 123 Pump Fresh Gravel Beds Yes eee 
269 6 18. 66 26.7 52.5 44O', 5-spot 1,600,000 Pump Fresh Gravel Beds Yes 
. oo oo 
TABLE II 
WATERFLOODS IN CLAY, EDWARDS, EFFINGHAM, GALLATIN, HAMILTON, JASPER, RICHLAND, WAYNE AND WHITE COUNTIES, ILLINOIS 
° PRIMARY DATA 4 
Sand Average AV 
Dis- Thick- Initial oil Natural 
Ploed Producing covery Depth ness Developed Recover: Recovery Production Type Original Gravity Viscosity Water 
Ho. Pool Name Operator Formation Date Feet Acreage (Bbls) (Bbls.-Acre) (Bbls.- Structure BHP (PSI) nara —(cp) Drive 0] 
1 198 1900 13 350 Stratigraphic 800 34.0 7.9 No 
2 Albion South Superior pokag tx 1900 20 192 390,000 2,031 Lense 750 35.0 Yes dt 
3 Alden exes ty oot McClosky 1938 13 1040 No 
4 Blairsville Texas oo Vases, McClosky 1g42 20 640 : No 
5 Cians District Pure McClosky re 
Clay City Dist. Pure McClosky 
7 Noble Pure McClosky . 
8 New Harmony Sun McClosky 1939 2900 7 40 81,000 2,025 Porosity Tra; 37.0 No in 
a New Harmony Sun McClosky 1940 2900 5 100 330,000 3,300 Porosity Trap 36.0 No 
10 New Harmony Sun Bethel 1940 2750 23 275 Blanket Sand 38.0 No 
1 New Harmony Superior Waltersburg 1939 2220 40 490 6,800,000 13,878 Lense 975 36.0 Yes 
2 Olney East Texas 
13 Ste. Marie Texas 
14 West Grayville S.C.Yingling Biehl 1948 1900 17 172 171,600 1,000 100 Stratigraphic 800 38.0 No yi 
15 Maunie South Magnolia Tar Springs 1941 2200 16 280 484,000 Stratigraphic 37.0 No 
ki 
WATER PLOOD DATA 1S 
m 
011° Water Cumulative 
Water Ave. Sand Average Ave. Satu- Satu- Est W.F. Injected Water W.F. Recovery S} 
Plood Date Flood Thickness Porosity Perm. ration ration No. of Wells Recover: Method of Flood Water 2-1-50 2-1-50 
Ho. Started Acreage Fee (8) (ma) (%) Flood Pattern Intake Oil (Bbis.3 Production Type Scurce Treatment (Btls) 
1 1946 350 13 20.0 325 29.0 Peripheral 3 18 Pump Brine Hardinsburg No 520,000 
. 1946 192 20 19.7 304 22.0 29.0 Spot > 30 106,400 Pump Brine Bridgeport No 85,000 
3 13 Peripheral 3 21 Pump Brine Penn Sand No Cé 
4 ‘. 20 Peripheral 2 21 Pump Brine Penn Sand lio 253,000 * 
5 1945 Dump Pum Brin 
6 1944 Dump Pump Brine u 
7 1944 Dump Pump Brine 
8 1948 40 7 Spot p | 1 10,000 Pump Fresh Gravel Bed No 25,000 2,700 4 
9 1949 60 5 Spot 2 3 50,000 Pump Fresh Gravel Bed No 270,000 15,000 It 
10 1949 23 17.0 20 he 30.0 20-Acre, 5-spot 2 4 Pump Fresh Gravel Bed . No 250,000 
11 1946 490 4o 20.0 516 2h. 25.0 Line Drive ? 43 Pump Brine Waltersburg No 1,900,000 170,000 re) 
12 Proposed 
13 . Dump 
14 1949 a 17 20.2 265 “22.4 23.6 Flank Injection 2 9 1,326,000 Pump Brine 600' Water Sand No 139,000 26,74 
15 1947 1 16 18.0 500 20-acre, 5-spot 13 14 Pump Fresh Penn. Sand No 1,248,383 
TABLE III 
WATERFLOODS IN BOND, CLINTON, FAYETTE, FRANKLIN, JEFFERSON, MADISON, MARION, PERRY AND ST. CLAIR COUNTIES, ILLINOIS 
PRIMARY DATA 
hs . 
Sand Average 
Dis- Thick Initial o11 Natural 
Flood Producing covery Depth nese Developed Recover Recovery Production sore Original Gra seat Viscosity Water 
Ho. Pook Name Operator Formation Date Feet Acreage “{pbis.4 : (Bbis.-Acre {Bbls.-Day) Structure BHP (PSI) forts pe” aes 
Benton Shell Tar Springs 1941 2100 35 2200 20,200,000 9180 350 Anticline 850 38.0 3.5 No 
Boya Superior Bethel 1944 2050 17 673 1,800,000 2675 Lense 700 36.0 Yes 
3 Centralia t 1937 1400 F 
“ Odin Ashland 1945 1700 11 354 380,736 1076 90 Dome 700 37-0 8.3 No 
Patoka Sohio 1937 1410 27 565 2, Boe) 000 4952 80 Anticline 550 39.0 28 Partisl 
€ Patoka Sohio Rosiclare 1937 1550 9 469 153,000 326 100 Anticline 600 40.0 ol You 
? Salen Texas 
WATER FLOOD DATA 
c 
oil water Cumulative 
Water Ave. Sand Average Ave. Satu- Satu- Est. W.F 
Date Plood Thickness Porosity Perm. ration ration No. of Wells Recovery Method of ee = Water WAP. $1553" 
Started Acreage Feet (s) (ma) (s) {$)__.- Elood Pattern Intake (Bb1s) Production 2.8 - 4 ipbis) {pba 3) 
1 1949 1900 37 19.0 65 20-acre. 5-spot 84 120 Pump Presh Lake Yes 1,600,000 
1945 673 17 18:0 150 20.0 24.0 Line Drive 3 58 Pump Brine Bethel Yes 2,380,000 
— 
1949 196 15 20.0 78 65.0 33.0 P+ page ne 10 945,000 Pump Brine Tar Springs No 26,0 
1943 527 27 13-9 110 53.0 ‘20.0 660°, S-spot 62 rN 6, 400,000 Pump Brine Tar Springs Yes 16,300,000 5» Soh. 000 
é 194 469 9 18.8 223 65.0 30.0 Peripheral 14 12 1,500,000 Pump Brine Tar Springs Yes 454,300 219,000 
Proposed 
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—another reason 


for Totco on your rig 


With a TOTCO Recorder you have simplicity of 
operation, sustained accuracy in recording, and 
durability. Twenty years on rigs back up TOTCO 
reliability... just a few TOTCO-equipped rigs 
in 1930, a whale of a majority today. 

A major oil company wrote, “99% of our 
TOTCO runs have been okay to be logged.’’ That 
kind of reliability is possible because TOTCO 
is the most dependable, precision-built instru- 
ment in the oil fields—no expense has been 
spared in its manufacture. 

Whenever and wherever you need a drift indi- 
cator, TOTCO field representatives can be relied 
upon to get you what you need when you want 
it. You can depend on TOTCO instruments and 
on TOTCO men—they’ll both serve you well. 


SURE (61 /HOW, 16 TOTCO 


YOU CAN TAKE TOTCO READINGS ANYTIME 


Run in and out on measuring line. 


Dropped down drill pipe; picked up with 
core barrel overshot. 


Dropped down drill pipe; recovered 
when bit is changed. 


Run in the Recorder connected to a core barrel 
overshot when picking up a retractable core barrel. 


Run in and out on ordinary sand line. 


VaeCYr 


Technical Oil Tool Corp., Ltd. 
1057 North La Brea Avenue 
Los Angeles 38, Calif. 










Exclusive Distributors: 
California—The Republic Supply Company 
of California 
Domestic—The Continental Supply Company 
Canada—Oil Well Supply Company 


Export—Lucey Export Corporation, New 
York City 





























TABLE IV 


ACTIVE WATER FLOOD PROJECTS IN INDIANA, KENTUCKY, OHIO & WEST VIROTNIA 
PRIMA 

















Sand Average 
Plood Producing Depth ness Developed a ? No. Wells Viscosity Product 
° roduc P' ness velop ecover. ecovery 'ype lo. Wells Viscosit; Production 
Ho Pool Name County & State Qperator Pormation Feet Acreage _ (Bbis (pois/acre) | Structure Drilled a = 
1 Birk City Daviess & - 
- Henderson, Ky. Several McClosky Lime 1 14 86 1, 464,00) 
2 Cane Run Daviess, ky. Cumberland & ad ors 7 000 7 Smee Fane al - 
‘ow Waltersbur, 625 20 800 2,2 4 
5 Cane Run Daviess, Ky. Ellis et al imisensbere 625 20 4 38"B00 ithe ’ 
4 Corydon Henderson, Ky Sun 011 Co. McClosky Lime 2600 6 86 234,500 2,780 Porosity Trap 5 1 
@ -Prieatehip oie. By. Sohio Pet. Co. furéined 3239 8 ‘er00 «sero . 2 3 & 
6 . o Pe oO ur; 1 1 000 2,670 
7 Haynesville Ohio, Ky. Cumberland & . _ 4 e = aT Se - ™ we 
" ow Ter Spr 75 18 53 233,900 4,410 1 
% Uniontown Union, Ky. Sun O11 Co. Waltersburg rb0 25 __ 450,000 25500 18 3 121 
2 aetaae — a: arinpe ~ae = ee 2' = eon res Stratigraphic Trap 170 3 
10 . Oo Pet. Co. r . 2! 3 1,247,600 Stratigraphi ry 100 
ll Dodds Bridge Sullivan, Ind. Ohio O41 Co. Pennsylvanian 0 30 oe é a ad 
12 Heusler Posey, Ind. 011 Co. Waltersburg 1750 10 175 438,000 2,500 Stratigraphic Trap 
13 Chatham Medina, Ohio Preston Oil Co. Berea 4$o 75 135 131,000 970 Monoclinal 
14 Chatham Medina, Ohio Dymo 011 Corp. Berea 375 43 44Q 1,485,000 3,380 Monoclinal 73 10 
15 os Sessan, —~ eg & Whitman Berea ban *-+~ 180 * Monoclinal o 
t ° Be: t Quadrangle Berea 1 100 1,990 M 
i Cabin Creek Kanavha & Boone, — ie er ie 
West Virginie Pure 011 Co. Berea 3000 13 2700 10,621,800 3,940 Monoclinal 2 60 d 
1 Cabin Creek Kanawha & Boone, 
West Virginia Preston 011 Co. Berea 3000 14 420 1,332,500 3,170 Monocl inal + 
19 Jeffries Posey, Indiana Magnolia Clore ll 120 44,913 Stratigraphic “ 
WATER FLOOD DATA f 
oil Water Cumulative a 
: Water Ave. Sand Average Ave. Satu- Satu- Injected Est. W.F. W.FP. Recovery Injected Water 
Flood Date Plood Thickness Porosity Perm. ration ration No. of Wells Method of wo ESE Water Recovery 1-1-50 to Produced v 
No. Started Acreage _ Feet —{g)__- (wa) = _(@)_—s-- (8) Blood Pattern Intake O11 Production Type Source ~ “Treatment J (Bbls) | _(Bbls) 
4 1945 386 14 13 350 Peripheral 4 24 Pump * Brine wells None 1,500,000 425,000 303,000. 5.0 
2 1941 29 20 21 42 31 5-spot 15 ll Pump Fresh WelY Yes 1,701,000 108,000 15.8 
1945 18 20 21 4 43 31 5-spot ll 9 Pump Fresh Well Yes 545,000 84,000 6.5 d 
4 1947 33 6 Plank 1 3 Pump Brine Well None 135,100 24,000 13,200 10.2 
1950 50 14 17 100 50 20 5-spot 10 13 Pump Fresh Well None ° 150,000 0 
1948 10 1 Irreguler 2 4 Pump Brine Well None 43}000 3,600 11.9 U 
1945 39 1 20 61 57 15 5-spot 18 28 Plow Presh Surface Yes 895,500 129,000 6.9 
1947 25 18 56 300s Plank ae as Pump Brine Produced Yes 193,200 9,100 21.2 a 
9 1949 311 25 20 100 50 25 5-spot 68 80 Pump Fresh River Yes 1,213,000 1,240,000 ° 
10 1949 175 25 20 100 50 25 5-spot 28 4o Pump Fresh River Yes 232,000 690,000 ° 
12 1989 6 30 5-spot il 19 Pump Brine Well None 200,000 ° it 
12 1946 70 10 19 282 30 = Plank 2 Pump Brine Produced Yes 202,0 62,000 3.3 
13 1944 52 5 17 5 35 38 5-spot 47 4a Pump Fresh Surface Yes 4,790,000 215,000 22.3 k 
14 1939 440 43 17 15 35 5-spot 107 222 Pump Fresh Well Yes 1,330,000 
15 180 5-spot 7 98 Pump Fresh x ¢ 
16 1942 117 5-spot 4 62 Pump Fresh Yes 8,412,000 378,300 22.2 
17 1937 13 15 60 42 20 T-spot 6 45 Pump Presh Surface Yes 11,000,000 425,000 25.9 
18 1948 73 14 T-spot 9 7 Pump Fresh Surface Yes 367,700 21,900 16.7 € 
19 1948 75 1 18.6 203 5-spot oy 12 Pump Presh Penn. Sand No 236,033 f 





tions result in a wide range of input 
volumes. Due to these erratic condi- 
tions it is necessary to inject and pro- 
duce large volumes of water to obtain 
the water flood oil production. 

West Virginia. In 1937 water injec- 
tion was begun in three wells in the 
Cabin Creek field, West Virginia. 
Since then development has been slow 
but at the present time water is being 
injected into 95 wells in the field by 
two different operators. This area is 
unusual in that the 7-spot pattern is 
being used. This was due to the orig- 
inal drilling pattern of the field and 
also because it was considered eco- 
nomically necessary to use old wells. 


Summary 


For the most part the area being 
considered is comprised of stripper 
or marginal leases. As a result of the 
poor condition of the surface and sub- 
surface equipment, much of which has 
been in use for 20-30 years, it is nec- 
essary to re-drill a large percentage 
of the properties. The poor condition 


of the well equipment also brings more 
complications insofar as plugging of 
off pattern wells is concerned. 

In many areas vacuum and/or gas 
or air repressuring has been previously 
practiced. This has resulted in de- 
pleted zones of high permeability in 
many cases that give considerable dif- 
ficulty during the flooding operations. 

The problem of an adequate water 
supply varies widely. For the most 
part, the areas being flooded have been 
blessed with a good local water sup- 
ply. This is not true in western Ken- 
tucky where most of the water sands 
are lenticular and of small areal ex- 
tent. Rivers offer a possible source of 
water supply but a supply that requires 
large expenditures for lines and plants. 

The active water flood projects in 
the area vary from 300 to 3000 ft in 
depth. The cumulative injected water 
to produced oil ratio varies from 3-26 
to 1. 

The only limestone reservoir flood 
that has recovered any appreciable 
amount of oil is-the Birk City project 








May Save 14 Billion Barrels of Oil 


Old oil wells, once thought to have yielded their last recoverable drop 
of crude petroleum, are being reactivated as a result of oil industry tech- 
nical advancements to produce from 25 per cent to 300 per cent of their 
original recovered petroleum. By flooding the old wells with water under 
pressure it is estimated that up to 14 billion barrels of additional crude oil 
can be obtained from now-abandoned sites. Other recovery methods 
being used by the industry are vacuum pressure, air and gas injection. 
Measures like these are indicative of the oil industry's constant efforts to 
get the most out of the nation’s natural resources. 
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in Daviess and Henderson Counties, 
Kentucky. A total of 303,000 bbl of 
water flood oil has been recovered 
from 386 acres. This amounts to about 
800 bbl per acre. It is estimated that 
the ultimate recovery will be 1100 bbl 
per acre. 

Sufficient information was available 
on only 6 projects to compare primary 
recovery and water flood recovery on 
planned pattern water flood projects. 
On those the primary recovery 
amounted to 2750 bbl per acre while 
the water flood oil recovered to Janu- 
ary 1, 1950 has amounted to 3230 bbl 
per acre, with some additional water 
flood oil yet to be recovered. 

To the writer’s knowledge only one 
cooperative and one unitized project 
is now in operation in the area. Two 
or three additional cooperative pro- 
grams are in the planning stage in 
western Kentucky and these will prob- 
ably follow the general trend pre- 
viously used in the Illinois basin. 


It is estimated that at least 3000 
acres are now under water flood in the 
states of Indiana, Kentucky, Ohio, and 
West Virginia. Of this amount at least 
900 acres have been developed during 
the past two years. These developments 
are being watched with interest by op- 
erators in the area and future develop- 
ments may be greatly influenced by 
the performance of these floods. 
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Tue question most often asked me re- 
garding radio communication for the 
drilling industry is: “What does radio 
save you?” 

That is a hard one to answer, and 
from the standpoint of dollars, prob- 
ably an impossible question to answer 
with any great accuracy. 

We do know that our mileage has 
dropped off on our field cars and our 
trucks are getting a job done quicker 
and with less travel. We know that our 
telephone bills are less, but all of you 
know that with the varying activity in 
different localities that a drilling firm 
encounters, that trying to put the 
finger on actual savings is a hard task. 

We have a few accurate checks. By 
applying a sort of flexible formula to 
our daywork billings to customers, we 
find that they are about 30 per cent 
less than they were before we began 
using radio. That has a double-bitted 
advantage. We have never been able 
to charge a rate for daywork, because 
of competitive conditions, that would 
allow us to break even. Therefore, the 
more daywork we billed, the greater 
the loss. On the other side of the fence, 
the producer was spending his dollars 
on daywork beyond what he now 
spends. With radio, both the producer 
and contractor are saving. How does 
this saving occur? In the area where 
we work there are several sands and 
limes capable of producing oil. From 
location to location these sands vary, 
to the extent that almost all of the 
wells drilled in the area are wildcats. 
Under the old system, when a sand 
was encountered the rig was immedi- 
ately shut down until a representative 
of the company could be contacted. 
This sometimes took several hours. 
Now the wait is usually less than 15 
min. When a driller gets a change in 
drilling time he will immediately con- 
tact the geologist or engineer in the 
area by radio, give him the dope, and 
then follow instructions by radio from 
then on even while the company man 
is on his way to the location in his car. 
The same plan works on wildcats. In- 
stead of the company having an engi- 
neer, or two of them, on the location 


*This address was presented at the Ninth 
Annual Meeting of American Association of 
Oilwell Drilling Contractors, at the Baker Hotel, 
Dallas, Texas, September 19-21, 1949. 

{President, Paine Drilling Company, Dallas, 
Texas. 

+tCommunications Consultant, Dallas, Texas. 


Rig to Office Communications 


C. J. PAINEY AND JERRY STOVER? 


sweating it out 24 hr a day, one man 
can easily and efficiently check two or 
three wells in an area. 

One incident I remember happening 
a year or so ago would have been 
utterly impossible before radio. We 
were operating four rigs for one com- 
pany in North Texas, and on this 
hectic day we were down to one com- 
pany representative, a hard working, 
smart young engineer. Seems that 
vacations and sickness had put the rest 
of the company men out of combat 
for the day. One rig was near Jacks- 
boro, one near Olney and two in the 
far western part of Young County. 
One rig was drilling in, another taking 
a drillstem test, one coring, and the 
other running a Schlumberger. Nor- 
mally, this would have taken an engi- 
neer with a jet propelled fighter of at 
least seven league boots. But not with 
rig to rig radio. Parking himself in the 
doghouse of the rig near Jacksboro, 
the engineer virtually kept himself at 
all of the locations at once. The opera- 
tions were all a success and were just 
as successful as they would have been 
had a company man been on each lo- 
cation. I don’t necessarily recomend 
this procedure as a constant diet, but 
when the occasion arises, the job can 
be done and done well by radio. 

Therefore, we can accurately say 
that radio communication in the drill- 
ing industry saves dollars for the con- 
tractor and the customer by the reduc- 
tion in shutdown time waiting for 
orders. 

Probably the greatest saving is in 
reduced shutdown time for break- 
downs and repairs. Early in our com- 
pany’s radio life, I was driving be- 
tween Wichita Falls and Dallas late 
one night. Naturally, I had my radio 
on. I heard a driller on a rig call one 
of the pushers at his home and report 
that a bearing on the pump shaft was 
heating and seemed about ready to go 
out. The pusher told the driller to 
watch the bearing, shut down if it 
seemed to be going out. He then called 
our mechanic who happened to be 
within radio range in his pickup, dis- 
cussed the trouble with him and asked 
him to go by the rig on his way into 
town. The mechanic picked up the 
bearing, went to the rig, replaced it 
that night and the shutdown time was 
practically nil, Had it not been for 
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radio, the driller would have either 
shut down until morning or have run 
the rig until the bearing failed, which 
would have meant a lot of down time 
either way. There are many stories | 
could tell you about what radio has 
meant to us on repair jobs. Needless 
to say, our shutdown time waiting for 
repairs has practically become non- 
existent. 

Radio has made another direct con- 
tribution to efficiency. In years past 
most pushers felt that to get a good 
job done they must stay on the job 
most of the time, day and night. There 
was always that constant fear in their 
minds that if they left something would 
happen. And lots of times it did, just 
as they drove around the corner, with 
the result that a rig might be shut 
down for several hours. This kind of 
thing didn’t exactly contribute to good 
sleep and peace of mind and some- 
times a pusher would be so worn out 
from lack of sleep that he didn’t de- 
liver his best in the clutches. Radio 
has helped eliminate this to a great ex- 
tent. As we have radio stations in all 
pushers’ houses, a man can now go 
home at a reasonable hour and go to 
sleep knowing that if anything out of 
the ordinary happens he will know it 
within a few moments. Many times 
this means a trip back to the rig with 
supplies, more often it means that the 
problem can be discussed with the 
driller and the solution be worked out 
without the pusher leaving his bed- 
room. At all times it means that a 
pusher can go to sleep without worry. 

A lot of contractors have told me 
they would never put radios on rigs 
because they were afraid that pushers 
would do all their pushing from the 
local pool hall or the hotel lobbies. 
That is one fear that can be eliminated, 
and eliminated completely, according 
to our experience. Our men are get- 
ting a better job done with radio than 
they did before and if anything they 
are spending more time on the rigs 
now than they did before radio. 

Here is one byproduct of radio that 
does not put any money in the bank 
but it surely is a source of satisfaction. 
I can remember back over the years 
that I would start straining my eyes 
from the minute I could see a rig, try- 
ing to see what was going on. If the 
kelly was up in the derrick, or a stand 





B-61 


AXELSON 
FIRST CHOICE 





AXELSON Deep Well Plunger 
Pumps deliver more oil at less 
lifting cost with less down 
time. There is an Axelson Deep 
Well Plunger Pump for every 
specific well condition. 





AXELSON Sucker Rods backed-by 
56 years of factory know-how, 
are duty designed, service proved 
under every well condition, mak- 
ing them “First choice” in the 
Petroleum production field. 








WRITE FOR BULLETINS ON: Sucker Rods and Couplings, Pump 

Liners, Pump Plungers, Balls and Seats, Specific Deep Well 

Plunger Pump Assemblies, Long Stroke Pumping Units, 
Pumping Accessories. 
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of pipe was out when I thought jt ‘, 


should not have been, or if I could ge 
smoke over the hills where the rig 
should have been, my mind started 


working up all kinds of dire thingy 


that must be wrong. I have pr »bably 
dreamed more fishing jobs twe miles 
from a rig than anyone in the crilling 
business. Now you don’t wonder when 
you drive up. If anything is wrong, 
you would know it a long time before 
you could see the rig. If you are espe. 
cially curious, pick up the mike and 
ask the driller. 


I wonder how many miles al! of is 


have wasted in our life trying to find’ 
someone in the field. Many times | 


have tailed someone all over a county, 
rig to rig, until I figured the guy had 


probably blown away. Now when we 


want someone in our outfit we just 


pick up the mike and tell him wher, 


to be. 


off. There are fewer empty return trips 
with radio equipped trucks, and when 
something is needed in a hurry a truck 
can always be found and usually that 
truck will be near enough to what you 
want that a lot of time is saved. This 
also means less shutdown time for the 
rigs. 

In talking to various contractors 
about radio communication, I find 
that a lot of field men don’t want it. 
This is true in many cases and it is 
hard to figure out why this attitude 
exists. I have also talked to a lot of 
contractors who now have radio equip- 
ment and everyone of them tells me 
that their field men are completely 
sold and they usually are after man- 
agement to add additional equipment. 

My best example of how our field 
men feel about radio happened just a 
few days ago. I had told them that we 
would have to be without our equip: 
ment for two days while it was being 
changed over to a newly assigned fre- 
quency. Their question to me was 
“But how are we going to run the 
rigs without radio?” And they were 
serious. 

I think most of the opposition from 
field men who have not looked into 
radio comes from the fact that they 
think they are going to be burdened 
with a lot of knobs and gadgets and 
tubes that will constanty be getting 
out of order. Nothing could be further 
from the truth. Jerry Stover, who 
knows almost everything there is t0 
know about oil field radio, both from 
the practical and the technical stand: 
point, will tell you a lot about how 
simple and trouble-free radio really 1. 
Just a word about Jerry. He install 
our equipment as his first oil field job 
about three years ago and since that 
job was the first radio installation ™ 
the contract drilling industry, he was 
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CORE LABORATORIES, INC., Box 5810, Dallas, Texas 


Forward a free set of “Those Were The 


Days”. illustrations to: 
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of eleven “Those Were suitable for framing, are 


rinted in two colors on paper stock 
available to you 


free of charge. Use coupon 


to call Core Lab for core analy- 
sis services best suited to fit 
your specific operating needs! 


Call the Core Lab man nearest you today! 
He can offer some sound preliminary sugges- 
tions regarding the types of core analysis 
services which should prove the most prac- 
ticable under your particular exploratory 
and/or development planning. 

And, whether its On-Location Analysis 
(derrick-side units); Off-Location Analysis 
(permanent type lab); Frozen Cores (off- 
location analysis with on-location results); 
or Large Core Analysis (specially equipped 
permanent type lab); the data you'll receive 
will be accurate and reliable. Remember, 
Core Lab pioneered the advancement of 
core analysis. By the same token, Core Lab 
can do a better job for you! 
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in on the ground floor of this busines: 
with all its problems. And he has beer 
able to whip the problems as they arise 

About the only characteristic com. 
mon to all drilling rig radio system: 
is that they use: radio! There is no 
such thing as a “standard package.” 
Although this is true of nearly ever, 
radio system, it is particularly true o! 
drilling systems, Rigs are different. 
areas of operations are never the samc 
and, most important, each drilling 
contractor has his own idea as to how 
he wants to use radio. 

Fortunately, radio is an extremely) 
flexible tool and can be adapted to 
almost any type of operation. To get 
the most out of any radio system. 
however, it must be properly engi- 
neered. 

To do this, even with the assistance 
of a radio engineer, the contractor 
should know what the various ele- 
ments of a system are, what they will 
do, what they won’t do, and how much 
each costs. 


Elements of A Two-Way System 
A two-way radio system for drilling 
operations is usually a combination of 
three basic elements: 
1. The mobile unit in cars and 


trucks. 
2. The portable unit on drilling 
rigs. 


3. The office station, which can be 
at a toolpusher’s house or in an 
office. 


Mobile Unit 


The mobile unit consists of a trans- 
mitter and receiver that are usually 
mounted in the trunk of passenger 
cars and in tool boxes on trucks. The 
output of the transmitter is usually 30 
to 60 watts. (It may be interesting to 
note that the output of some broadcast 
stations is 50,000 watts!) The antenna 
is a steel whip and spring. It can be 
mounted either on the roof or side of 
the vehicle. The standby battery drain 
of the mobile unit is only slightly 
greater than that of a normal car radio 
—about 9 amp. The heavy current 
drain is only during the transmitting 
time. 

For this reason, heavy duty batteries 
and slow speed generators are re- 
quired only if the car does a great deal 
of city driving where the normal gen- 
erator does not turn up enough to 
build the batteries up. 

The calls to a mobile unit are re- 
ceived over a small metal cased 
speaker. It is mounted up on the fire- 
wall and does not interfere with the 
normal car radio. The small control 
unit is mounted under the dash. Two 
types of microphones are available. 
The small military type mike is used 
in a large number of systems but the 
handset type is more popular in cil 
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Why men who watch 
costs... specify 
Roebling Preformed 


THE RECORDS PROVE IT... that Roeb- 
ling Preformed “Blue Center” Wire Rope 
stays on the job longer and cuts your costs. 
This is partly because “Blue Center” steel— 
developed and made only by Roebling—has 
unsurpassed resistance to abrasion, ‘shock 
and fatigue. In large measure, too, it is 
because of the painstaking care, special 
techniques and modern precision machines 


that guard and maintain Roebling quality 
leadership. 


Preformed a big help, too. Wide ex- 
perience in the field proves that Roebling 
Preforming brings still more operating 
economies. Preformed is easier and faster 
to handle and install. You can cut it with- 
out seizing. It winds better . .. is not apt to set 
or kink... minimizes vibration and whipping 


Today’s best buy. Roebling makes wire 
rope of every construction, grade and size 
... engineered for top efficiency on every 
type and make of rope-rigged equipment. 
Have your Roebling Field Man recommen! 
the right rope for best, low-cost perform 
ance on each installation. John A. Roebling’s 
Sons Company, Trenton 2, N. J. 


As rotary drilling lines, Roebling 6x19 Preformed 


1 Wire R with Independent Wire Bt A CENTURY OF CONFIDENCE 
Stee re Rope with Independen' ope Core. of 
strated extra life on the job and substantial. sails DISTRIBUTED BY 
THE NATIONAL SUPPLY COMPANY 
REPUBLIC SUPPLY COMPANY 
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field use because the receiver adds a 
great deal to the readability of a signal 
when the car is going fast or in a noisy 
location. : 


Rig Stations 


The rig unit is usually a mobile unit 
mounted up in a portable steel cabinet 


with provisions for supplying power. . 


Instead of the whip antenna of a mo- 
bile unit, however, a special coaxial 
antenna is mounted atop the derrick 
and connected to the radio by means 
of a small flexible cable. 

The storage battery is mounted at 
the rear of the cabinet and kept 
charged by a generator mounted on 
one of the drilling engines. Steam rigs 
use a turbine-driven generator and 
those rigs where 110 volt power, either 
ac or de, is continually available can 
use a converter or charger. Though 
the battery-generator combination is 
a little more trouble than a straight ac 
unit, it has the big advantage that 
while rigging up, or during an engine 
breakdown, the radio can be operated 
from the battery for a limited time. If 
the battery goes down, it is a simple 
matter to exchange it for a fresh one 
from a car or truck. 

The radio cabinet is normally placed 
in the dog house beside the knowledge 
box. So that calls may be heard on the 
rig floor, a small weatherproof speaker 
is mounted near the drawworks. The 
driller can then hear if his rig is being 
called and step into the dog house to 
answer. 


Office Station 


Most drilling companies use a 50- 
watt office station. It is very similar 
in appearance and operation to the 
rig units. In fact, if good dependable 
110 volt ac power is available it could 
be used on a rig. 

Office stations with 250-watts out- 
put are frequently used. The extra 
power permits the station’s signal to 
be received better in a location where 
the electrical noise level is high. For 
example, a mobile unit may be driving 
along a power line or the station on 
the rig may be receiving excessive in- 
terference from the light plant or mag- 
netos. The higher powered office sta- 
tion does not necessarily. increase the 
two way communications range be- 
cause the “talk-back” power of the 
rig or car is still only fifty watts. There 
are methods of increasing the range 
in both directions, and these will be 
discussed later. 

The antenna of an office station is 
usually placed on a tall tower in order 
to give it maximum ‘range to cars and 
rigs. This tower may vary from a 40- 
50-ft pipe mast at a toolpusher’s house 
to a 150 to 300 ft lattice steel tower. 

One question is always asked, “Why 
can’t I just put my station antenna on 
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the roof of this office building and save 
the cost of a tower?” The answer to 
this is so important that it warrants 
detailed attention. 

Although it is true that the fre- 


quency modulation type of radio is . 


relatively free from static and certain 
forms of interference, the interference 
from diathermy, x-rays, certain mo- 
tors, neon lighting, etc. can reduce the 
range, by as much as 50 per cent. For 
this reason, a station with its antenna 
located in the downtown area of a city 
will have limited range. 

This is not too serious in the smaller 
towns, but, if at all possible, the sta- 
tion should be situated in a suburban 
or residential area even if the antenna 
will not be as high as it would down- 
town. The selection of a “quiet” loca- 
tion for the office station is probably 
one of the most important items in the 
planning of a system. If there is any 
doubt about the location the noise 
level of the area should be checked 
before going ahead with a tower and 
station. 

The office station can be remotely 
controlled from one or more locations. 
Thus, the tower and station can be 
placed in a quiet location on the edge 
of town and controlled, by means of 
leased telephone wires, from a down- 
town office. A second control unit can 
be installed in a residence, possibly 
that of the drilling superintendent, to 
receive night calls. 

Now that we have an idea of what 
the units are, we can discuss what they 
will do in terms of range. 

The very short waves used by these 
systems are somewhat similar to light 
in that they can be shielded by hills 
and the horizon. Fortunately, they do 


bend to some degree, however, and ° 


communication is possible beyond ac- 
tual line-of-sight. 


For this reason, maximum range is 
obtained by having the antenna high 
and in the clear, keeping in mind, of 
course, the necessity for having a loca- 
tion free from electrical interference. 


The intervening terrain will have 
considerable effect on the communica- 
tion range between two stations. The 
range in hilly mountainous country is 
usually very limited unless advantage 
can be taken of the peaks. The ranges 
I will describe here are average for 
the rolling terrain common to most 
parts of the Southwest. 


The antennas on cars and trucks are 
only a few feet above ground and the 
range between two such units is sel- 
dom more than 20-30 miles, 

Because the antenna of a rig station 
is usually 120-140 ft high it can send 
and receive messages to cars 40 to 50 
miles away. To another rig or an office 
station the range will be even greater 


due to the fact that the antennas ai 
both ends are high. This will be 50-70 
miles depending on the elevation o! 
the rigs and the height of the office 
antenna. 

You will frequently hear of ranges 
considerably in excess of those given 
above. Due to changes in the iono- 
sphere and atmosphere, there are 
often temporary increases in range. 


‘The most spectacular increase is 
known as “skip” and is caused by the 
ionosphere, several hundred miles 
high, acting as a mirror and reflecting 
the waves from your station back to 
earth hundreds, or even thousands, of 
miles away. This causes you to hear 
stations (and them to hear you) as 
far away as South America or Africa. 
Because they come down out of the 
sky, “skip” signals can be heard in a 
car as easily as they can ata rig or 
office station. These conditions. occur 
frequently during the summer and 
during certain periods of the winter. 


The other type of range increase is 
known as “bending” and is much 
more useful than “skip”. Bending oc- 
curs most frequently in the early 
morning or evening and is due to the 
moisture in the air causing the radio 
waves to bend around and over the 
horizon. It doubles, or -even triples, 
the normal ranges, and communica- 
tion between rigs and cars 70 miles 
apart has been obtained. Unfortu- 
nately, this bending cannot be de- 
pended upon for consistent communi- 
cation. It may last a few minutes and 
seldom lasts more than a couple of 
hours. 


The consistent range from an office 
station to. cars and rigs can, in some 
instances, however, be increased up 
to 70 and 100 miles, respectively, by 
using directive antennas. These an- 
tennas concentrate the radiation in a 
given direction and effectively multi- 
ply the power of the station by as 
much as 10 or 15 times. As the same 
antenna is used for receiving, it picks 
up the power of the incoming signal 
by a like amount. 


The directive antenna provides this 
increase in only a limited sector and 
at the expense of range to the remain- 
ing areas. Thus such an antenna can 
be used only if the office is primarily 
to one side of the operation. For exam- 
ple, it would be difficult to use a direc- 
tive antenna if operations were scat- 
tered a considerable distance in all 
directions from a central office. 


A typical example of directive an- 
tenna operation is the one used by 
Fain and McGaha Oil Company at 
Wichita Falls, Texas. It is a 6 element 
unit, having a power gain of 10 db, 
300 ft high. With a 50-watt transmit- 
ter it provides reliable communication 
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range, in its beam, or 85 miles to cars 
and 110 miles to rigs. The range off to 
the sides and back is only 35 miles to 
cars and 50 miles to rigs, however. 

The best way to show you how these 
units are operated is to let you “listen 
in” on a few systems in operation. We 
took a wire recorder out into the field 
and recorded a few conversations as 
they went on over the petroleum radio 
channels. These are the routine day- 
to-day conversations and, while not as 
dramatic as some of those we often 
hear, they do serve to indicate the 
ease with which field personnel have 
adopted this new tool. 

On July 1, of this year, the Federal 
Communications Commission issued 
new rules and regulations for the mo- 
bile radio service. These rules estab- 
lished a Petroleum Radio Service and 
provided for the assignment of 30 ex- 
clusive frequencies for the use of the 
petroleum industry. 

Up until that time petroleum radio 
had only three shared frequencies on 
an experimental basis. These three 
channels quickly became overloaded. 
In 1947 the Central Radio Committee 
of the API made formal representation 
to the FCC for the establishment of a 
permanent Petroleum Radio Service 
with additional exclusive frequencies. 

Even before these new frequencies 
were made available, the various pe- 
troleum radio users formed a co-ordi- 
nating committee for the purpose of 
allocating the frequencies within the 
industry. This will prevent the over- 
crowding of any one frequency in a 
particular area and thereby provide 
maximum utilization of all frequen- 
cies. This does not mean that a com- 
pany can expect to have an exclusive 
frequency. There are still far too few 
frequencies to go around and the best 
that can be done is to spread the com- 
panies out as evenly as possible. The 
sharing of a frequency is not as bad 
as it first sounds. In fact, for the small 
radio user it has certain advantages. 
\uthorization can be obtained from 


the FCC for companies sharing the 
same frequency to share common 
facilities, for example, there are sev- 
eral instances where two or more com- 
panies share one base station with 
each company having a remote con- 
trol unit in its office. Also, in an emer- 
gency, the rigs or station of one com- 
pany may relay messages for the cars 
or rigs of another company that are 
out of range of their own base station. 

All radio stations must be licensed 
by the Federal Communications Com- 
mission. Upon proper application and 
showing of eligibility, the FCC will 
grant the license with the frequency 
and call letters, There is no cost for 
these permits and the small fellow with 
one rig and a car can obtain a license 
just as readily as a major oil com- 
pany. Before filing for an FCC license 
it is necessary to obtain a frequency 
recommendation from the Petroleum 
Coordinating Committee. 

The necessary FCC forms and as- 
sistance in their preparation can be 
obtained from the FCC district offices. 
Also, the various manufacturers’ rep- 
resentatives selling radio equipment 
have them and are, of course, only too 
glad to help prepare them, without 
charge! 

Due to the release of these new fre- 
quencies there has been a tremendous 


_ flood of applications and the FCC has 


a rather large backlog. In planning 
the installation of a system it is well 
to allow at least 6-8 weeks for the proc- 
essing of the license application by 


FCC. 


Costs 


Good radio communication is not 
cheap, but by effective planning and 
study, the cost of a system can be 
kept within reasonable limits. The 
costs of the individual elements of a 
system will vary to some degree, de- 
pending on type of equipment and in- 
stallation labor costs. The figures | 
shall give here, however, are average 
throughout the Southwest and are suf- 
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Urges California Conservation Law 


Intensified and uncontrolled oil development and production programs 
commonly result in great waste of our irreplaceable natural resources, 
according to L. A. Cranson, president of Oil Producers Agency, in a talk 
before the American Association of Oilwell Drilling Contractors in Los 


Cranson stated that it is significant that ‘‘all of the principal oil producing 
states with the exception of California and Wyoming have adopted statutes, 
which in large measure accomplish conservation objectives. In no instance 
has any such law been repealed, nor is it probable that any of these states 
would be without such legislation now that the benefits from it have become. 
obvious. Fifteen states, with 77.7 per cent of national production in 1949, 
have conservation laws. California, with 18.1 per cent, and Wyoming, with 
2.55 per cent, are the only two major oil-producing states without such 
legislation, and Wyoming is now considering such legislation." 
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ficiently representative to be used fur 
budget purposes. These costs, of 
course, include all necessary labor aid 
the various accessories. 

The cost of a mobile station installed 
in a car or truck is about $600. Thic 
rig station, with its special acces- 
sories such as battery, cabinet, genc’- 
ator, rig antenna, etc. is about $95). 

The cost of the office station varies 
considerably depending almost e:- 
tirely on the antenna height require:|. 
The tower is usually the most expen- 
sive item. A 180-ft lighted tower costs 
$2200, erected. A 50-watt office station 
with such a tower will run about 
$3200. 

Thus, a system consisting of four 
cars, five rigs, and an office station 
would cost a little over $10,000 in- 
stalled. . 

All repairs or adjustments to the 
equipment must be done by an engi- 
neer with a FCC license. It is not nec- 
essary to have such a man on your 
payroll as maintenance service is avail- 
able on a per-call or contract basis. 

Contract maintenance that furnishes 
all labor, tubes, and parts for a flat 
monthly fee is usually more attractive 
because the user can set aside a fixed 
amount each year for his radio main- 
tenance. The monthly rates on this 
basis, vary, of course, depending on 
the locality, but an average figure is 
$7.50 per car and $20 per rig or office. 

It is unlikely that chere will be any 
major reduction in equipment or op- 
erating costs in the foreseeable future. 
One reason for this is that as more 
and more users come on the air the 
FCC technical specifications must, of 
necessity, be increased to reduce in- 
terference. Thus, any advantage 
gained by quantity production will be 
offset by the increased cost of manu- 
facturing and maintaining equipment 
to the more rigid specifications. 

It would be nice if, along with the 
newer equipment, we could get greater 
ranges for petroleum operations. Such 
is not the case, however, because the 
range limitation is an inherent char- 
acteristic of the frequencies employed 
by the mobile service. This is demon- 
strated by the fact that the range of 
present day equipment is still only 
slightly greater than it was a few years 
ago. New types of vacuum tubes and 
circuit design have helped but the 
major improvements have been in de- 
veloping equipment that will work on 
very close frequency separation with- 
out interference. As more and more 
users of mobile radio come on the air 
the demand for frequencies makes it 
necessary to assign them closer and 
closer together. Let us hope that the 
research laboratories can continue to 
keep ahead of this radio “squeeze” 
play. * * * 
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|, knew taking loads 
like this day in and day out was 
.- no easy job, so they equipped 
their big traveling blocks with 
i- Hyatt Roller Bearings. 
And we, too, ever aware of the 
l. many tough spots into which our 
bearings are designed, build 
at them with service conditions 
4 like this in mind. 
. That’s why you'll find Hyatt 
n Roller Bearings so successfully 
used in drawworks, pumping 
y units, rotaries, engines, pumps, 
etc., as well as all kind of blocks. 


e Hyatt Roller Bearings are your 
-| protection against excessive 
: bearing wear and care in the 
e equipment you buy. Hyatt Bear- 


ings Division, General Motors 
Corporation, Harrison, N. J. 
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Prior to the development of the gun 
perforator, and its introduction on the 
Gulf Coast about 1935, casing was 
cemented above the productive sand. 
Obtaining an effective cement seal 
around the bottom end of a casing 
string for this type completion was 
not as difficult as attempting to exclude 
gas or salt water from a productive 
oil section several hundred or several 
thousand feet above the cementing 
depth. 

As the gun-perforated type of com- 
pletion developed, it was found nec- 
essary to squeeze cement through the 
primary perforations to exclude gas 
or salt water, which entered the well 
because of cementing failures. The art 
of squeeze cementing was improved 
through the development of cement 
retainers and removable cementing 
tools, and this practice is still used in 
certain areas. 

Scratchers were introduced on the 
Gulf Coast in 1940 and during the past 
10 years have been accepted by the 
oil industry for improving cement 
placement and the percentage of 
cement fill behind the casing. Center- 
ing of the casing is provided by the 
use of spring bow centralizers. 

The transition from squeeze-cement- 
ing technique to improved primary 
cementing has brought about a general 
review of the entire cementing opera- 
tion. This has resulted in the develop- 
ment of rig practices, improved blow- 
out preventers and cementing heads 
and other time saving items that have 
speeded up this critical phase of oil 
well drilling. 

This time study of the cementing 
operation was made to determine (a) 
the time required for each phase of 
the job, (b) whether any considerable 
saving in time might be made, and (c) 
the effect of delays, or stoppages of 
casing movement, on the success of 
the job. 

The several phases of oil well ce- 
menting are reviewed in their opera- 
tional sequence. 


Laying Down Drill Pipe 


It is customary on the Gulf Coast 
to lay the drill pipe down as the drill- 
*B & W, Incorporated, Houston, Texas. 


tPresented at the AIME meeting at College 
Station, Texas, on December 9, 1949. 
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TIME FACTOR IN CEMENTING: 


BRUCE BARKIS* 


ing string is pulled for the last time 
before running casing. One side of the 
casing rack is usually reserved for 
drill pipe. Various improvements have 
been made in the technique of break- 
ing the individual joints and laying 
down the several hundred units com- 
prising the drilling string. There is 
small room for improvement in this 
standard operation, and the general 
average of 2000 ft per hour is only 
varied by the rig crew’s ability and 
working conditions. 


Scratcher Installation 


Drill pipe is usually re-run to bot- 
tom, after the electrical log, and cali- 
per survey or sidewall cores have been 
taken, to condition the mud fluid pre- 
paratory to running casing. Scratchers 
are most often installed on the casing 
during this period. From the electrical 
log, the uppermost productive sand is 
located, and the standard pattern 
shown in Fig. 1 extends from the 
casing shoe to above this depth. 

An analysis of 100 recent casing 
jobs showed that an average of 840 ft 
of scratchers were installed. On Range 
3 casing, averaging 40 ft, this would 





indicate that 21 joints were covered. 
These joints should be placed on 4-in. 
skids on the upper row, and sufficient 
working space should be provided. 
The scratchers are placed at selected 
intervals, usually 2, 3, or 4 per casing 
joint, and welded lugs spotted about 
1-ft on each side of the scratcher to 
restrict its travel and to provide suft- 
cient space for slip removal without 
reversal as each joint is raised from 
the rotary table or casing spider. 

For the average job described 
above, the time required for installa- 
tion would be about 3 hr. Lifting tools 
for raising the casing joint, adequate 
working space, good planning, and a 
fast welder will shorten the time re- 
quired for installation. Three lugs are 
usually placed above and below each 
scratcher. If joints are rolled closely 
together, after the scratchers have been 
installed, a welder may place two of 
the upper lugs and two of the lower 
lugs, above and below each scratcher 
without moving any of the casing 
joints. All joints should then be rolled 
over 180 deg and the third lug placed 
above and below each scratcher. This 
suggestion has often reduced welding 





FIG. 1. 
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Range 3 casing. 
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Scratchers and 
centralizers installation. 
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---The WILSON-SNYDER NO. 220-P. 


“Built for Deep Drilling” 


600 HP Power Slush Pump 


Here is a Power Slush Pump built for the heavy duty work that present drilling demands. It has greater 
capacity and greater horsepower. 


Naturally it is larger and more powerful. 


Some of the many Wilson-Snyder features found in the No. 220-P are: (1) single helical gears with shafts 
set in adjustable tapered roller bearings, (2) oil bath lubrication, (3) grease lubricated crosshead pin bearings, 
permitting lubrication without shutting down, (4) special arrangement of the diaphragm packing and ihe mud 
baffle, (5) deep stuffing boxes, designed for rod lubrication, (6) Di-Hard Liners with Tell-Tale Liner Packing and 


Heavy Duty Liner Spacers with outside adjustment, (7) Heavy Duty Fluid Valves. 


Displacement (Rod Deducted) and Pressure Range 





Available Liner Sizes 5-in 


6-in 6%4-in 6%-in 7-in 7%-in 73%4-in *8-in 





Theoretical G.P.M. at 


Recom:nended (50) R.P.M. 300 


530 575 620 670 770 830 





Theoretical G.P.M. at 


Maximum (60) R.P.M. 355 


635 695 750 810 930 990 





Maximum Working 


Pressure P.S.I. 2450 


1370 1260 1165 1080 940 





*Unless otherwise specified, pump is regularly furnished with 734-in. Liners. 





BRANCH STORES 


TEXAS—Alice, Corpus Christi, 
Victoria, Bay City, Columbus, 
Barbers Hill, Liberty, Beaumont, 
Kilgore, Monahans, LOUISIANA 
—Lake Charles, New Iberia, 
Houma, Harvey, Shreveport. 
ARKANSAS—Magnolia. 





Call or Write Houston 
Headquarters or your nearest 
Wilson Store for additional information 
Exclusive Distributors — Louisiana and Texas Gulf Coast 


WILSON SUPPLY CO. 


1412 MAURY ST. e HOUSTON, TEXAS 


Sales Offices: Tulsa, Dallas, New Orleans 


8” x 20” 
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it just has to be a mighty 
good product .. . whose 
maker has stuck to it so 
long. As a world-markel 
leader, Acme still spe- 


cializes in: 


&. 


TRUSTWORTHY 
Cable Tools 


v 


See Acme’s latest condensed 
Catalog and tool-use Man- 
val in Composite Catalog 
(up front—in Vol. 1). Or 
mail penny postal TODAY 
for your copy. Cover-to- 
cover full of valuable in- 
formation for Cable Drillers. 








Since 1900—this familiar 
symbol has assured more 
hole-footage per tool 
dollar. 


ACME FISHING TOOL CO. 
PARKERSBURG W. VA. 
Export Office: 
19 Rector St., New York 6, N.Y. 
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Laying down drill 
——_——— Insfalling Scratchers and centralizers. 
Rigging up te run casing. 

Changing cellar connections. 


ipe. 


8+ Pr ta casing 


MO 12+ Establish circulation and move casing. 
a Mg . + 
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O IG- ™ ee plug. 
| 
20 ~ Assume ~ 


3 Total Depth 8000’ 
24- 7"Casing, Range 3 





Cement - GSO sacks 











FIG. 2. Time schedule in cementing. 





time by at least 50 or 60 per cent. 

_ Solid collar centralizers should be 
installed while the casing is on the 
rack, but hinged centralizers may be 
installed on the rack or at the rotary 
table as casing is run. ¢ 


Rigging Up To Run Casing 


A great deal of work is required to 
make proper preparation for running 
casing. The addition of individual 
joints to the casing string is an oper- 
ation of constant repetition, and the 
saving of seconds on each joint results 
in a saving of hours for the entire job. 
More men should be used than in the 
normal rig crew, and it is customary 
for crews to “work over” or to bring 


in a crew of specialists to provide the 


additional man power. 


Details of rigging up include casing 
thread protector loosening or removal, 
measurement of the upper row of 
casing, making and installation of 
spinning and lifting lines, hoisting 
of stabbing board, and connecting 
and hanging of the flexible mud-fill- 
ing line. Close supervision during this 
period is necessary for the enlarged 
crew to prevent break downs or other 
delays during the actual running of 
the casing. 


Cellar Connections 


A portion of the regular or casing 
crew is used to make the necessary 
changes in the cellar connections. Cer- 
tain blowout preventers require chang- 
ing of the inner assembly to provide 
a seal for the casing rather than the 
drill pipe that was used during the 
drilling operation. Improvements have 
been constantly made in these assem- 
blies and the necessary changes can 
now be made during the rigging up 
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period. Usage of equipment that re- 
quires an extended period for chang- 
ing inner assemblies is not recom- 
mended. 


Running Casing 


There is a competitive challenge in 
running casing, and almost every crew 
tries to boost its former record. 

No other rig operation requires the 
perfect team work of the casing crew. 
An experienced crew observes all 
safety rules and good supervision sees 
that safety is never sacrificed for 
speed. 

The development of the round 
thread, the usage of a spinning line, 
improved hoisting equipment, and 
better facilities for filling the casing 
joints have speeded up the casing op- 
eration. Average running time for 514 
or 7 in.—range 3 casing on the Gulf 
Coast—is 1000 ft per hour. Assuming 
an average length of 40 ft per joint, 
this indicates that slightly more than 
2 min is required for handling each 
individual joint. This time factor can 
be used to indicate running time for 
range 2 casing or other types of casing 
joint. 

The availability of casing, during 
the past year, has influenced the selec- 
tion, but a recent survey shows the 
following oil strings were run on 100 
recent jobs: 

Sin. — 4 6in. —l Vin. —55 
5% in.— 36 65%%in—1 75% in.— 3 
and that the casing joints were: 

Range 1-1 Range 2-40 Range 3-59 

Displaced mud circulation, pro- 
vided by the use of a float collar or 
shoe on the bottom of the casing 
string, assists in conditioning the an- 
nulus as the casing is run. The volume 
of mud displaced as each joint is low- 
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ered is a constant check on the con- 
dition of the mud fluid and hole. 


Actual Cementing Operation 
A. Circulation and Movement of 


Casing. The establishment of circula- 
tion and the movement of casing as 
soon as bottom is reached, makes pos- 
sible the continued movement of casing 
during the entire cementing operation, 
which is necessary to provide mud 
filter cake removal just as the cement 
slurry is passing the critical produc- 
tive sections. 

An analysis of the job reports 
submitted on an even hundred casing 
cementing operations shows the fol- 
lowing: 








Sacks 
Hook Mud Sacks cement 
up circu-cement per Install Pump 
time lation used min plug down 


Max wtd avg 54 93 1500 30 ue 
Average..... 19 44 644 19 5 25 
Min wtd avg 5 15 163 11 . é 











The chart shows that although it is 
possible to establish movement and 
circulation in as short a time as 5 min, 
the average time required is 19 min, 
and as much as 54 min is often re- 
quired. The detailed record shows that 
the hazard of “freezing” casing in- 
creases as the time increases. Of the 
100 jobs, 10 casing strings were 
frozen. The “remarks” on each of 
these jobs is important and are listed: 


1. Took 25 min to fill, with casing 
one foot off bottom. Froze. 


2. Well tried to blow out while 


circulating. Froze. 


3. . Seven inches at 10,000 ft, cas- 
ing on bottom for 23 min while 
installing head. Froze. 

4. Casing froze while installing 
plug. 

5. Casing froze while installing 
cement head. Elevators 114 ft 
above rotary table. 


6. Seven inches at 10,072 ft, cas- 
ing froze while installing bot- 
tom plug. 

7. Casing froze while releasing 
bottom plug. 

8. Casing froze while checking 
whether bottom plug was re- 
leased from retainer head. 


9. Casing froze while installing 
head. Casing only 1 ft off bot- 
tom at 10,000 ft. 


10. Five and one-half in. at 12,459 
ft, casing froze while connect- 
ing up and installing head. 

As movement of the casing is essen- 

tial to mud removal and better cement 
placement, it appears that improve- 
ment of our derrick floor practices for 
connecting up the cementing lines, in- 
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“VIiC" 
VICTAULIC 








Sizes—{" 
through 60” 





Even on the toughest piping jobs VICTAULIC Couplings, Victaulic Full-Flow 
Elbows, Tees and other Fittings will make joining those pipe ends quick, easy, 
and economical — assure you a leak-tight piping job! 

You save every way when you join up with “Vic” —a simple two-bolt design 
gives quick, easy hookups, a standard T-Wrench is the only tool needed for 
connections... joints are positive-locked, leak-proof, will stand up under extreme 
pressure, vacuum, or strain conditions. : 

GROOVING THOSE PIPE ENDS is a cinch the Victualic way... “Vic-Groover” 
grooves ’em automatically in half the time of a conventional pipe threader! 
_ The COMPLETE Victaulic Line can’t be beat for efficient, dependable, on-the- 
job piping construction. Yes Sir! Victaulic IS the Easiest Way to Make Ends 
Meet. JOIN UP WITH “VIC” — make your next piping job ALL VICTAULIC. Write 
today for these two: 


Victaulic Catalog and Engineering Manual No. 44. “Vic-Groover” Catalog No. VG-47. 


VICTAULIC COMPANY OF AMERICA 
30 Rockefeller Plaza, New York 20, N. Y. 


Victaulic Inc,, 727 W. 7th St., Los Angeles 14, Calif. 
Victaulic Company of Canada, Ltd., 200 Bay Street, Toronto 1 
For Export outside U.S. & Canada: PIPECO Couplings & Fittings; 
Pipe Couplings, Inc., 30 Rockefeller Plaza, New York 20, N.Y. 


26TH VICTAULIC YEAR 


Copyright 1960, by Victaulic Co. of America 


The easiest way to make ends meet 


VIGTAULIE 


PIPE COUPLINGS AND FITTINGS 


















































stalling the cementing head, and re- 
leasing the cementing plug to reduce 
the number of frozen strings of cas- 
ings is necessary. 

B. Mud Circulation. The average 
time shown on the chart for circulat- 
ing mud fluid after casing reaches bot- 
tom is 44 min. The general rule has 
been adopted by some companies of 
pumping a fixed percentage more than 
sufficient to fill the casing, while others 
circulate long enough to observe re- 
turns from bottom. The average fig- 
ure shown is an indication that the 
shorter circulation period is more 
popular. 

C. Mixing Cement Slurry. The chart 
also shows an average cement mixing 
rate of 19 sacks per min, the maxi- 
mum rave being 30 sacks per min and 
the minimum rate being 11 sacks per 
min, The chart also shows that an 
average of 644 sacks of cement per job 
is used. These figures indicate that the 
average mixing time per job is 34 
min. A mechanical cement mixer has 
recently been. used on several Gulf 
Coast jobs and mixing rates of 43 
sacks per min have been reported. In- 


creased mixing rates will not only ~ 


speed up the whole cementing opera- 
tion, but should aid in keeping the 
casing full of cement slurry, and pre- 
vent the formation of air pockets to 


contaminate or interfere with proper 
cement placement. 

D. Installing Plug. lf the movement 
of casing is stopped, at any time after 
the casing string reaches bottom, there 
is a possibility that it cannot be moved 
again. The use of a plug retainer type 
cementing head has the advantage, 
over the total or partial removable 
type, of allowing the plug to be re- 
leased without opening the casing to 
allow the admission of considerable 
amounts of air, and without setting 
the casing in the slips or releasing the 
elevators. Releasing the plug and 
changing the valves, with the retainer 
type cementing head, requires only a 
few seconds and can be done while the 
casing is still in motion. 

The job analysis indicates an aver- 
age of 5 min was required for install- 
ing or releasing the plug. Several cas- 
ing strings were frozen during this 
critical period. The detailed record 
also shows that the movement of cas- 
ing was stopped, on several jobs, 
whilé the cement was being mixed, 
and on several other jobs, no effort 
was made to move the casing after the 
plug was installed. 

E. Pumping Down. The rig pumps 
are used, in most cases, to displace the 
cement slurry. Fluid velocities are at 
a maximum, during this period, be- 





cause of the added weight of the ce- 
ment column inside the casing. 

The chart shows that cement is dis- 
placed on the average job in 25 min. 
This includes the time for the cement 
slurry to reach the casing shoe, the 
period up to equalization, and the 
pressure phase while the cement is en- 
tirely displaced from inside of casing. 


Conclusion 
The total elapsed time required, be- 
tween casing reaching bottom and 
final displacement of the cement 
slurry, for the average of 100 casing 


‘jobs was slightly more than two hours. 


A movement cycle of about two min 
for the upward and downward travel 
of the casing indicates that about 60 
strokes are made during the entire 
job. 
This time study indicates no large 
saving can be made in rig time, but 
the saving of a few minutes during the 
critical period when the casing reaches 
bottom, and later as the cementing 
plug is released, are of extreme im- 
portance. A well planned program 
will provide closer synchronization of 
the movement of the casing with the 
travel of the cement slurry, around 
the bottom of the casing, and aid in 
increasing the percentage of success- 
ful cementing jobs. kkk 








Bumper Sub. 


It is amply strong to stand the 
abuse of drilling and fishing under all 
conditions, and requires only occa- 


sional servicing. 
Write for full details! 


Releasing type fishing 
tools such as spears, sockets, overshots 
and cutters require downward blows 
for release of slips or grapples ...and 
the handiest tool you can use to obtain 
downward blows when fishing with 
equipment of this type is the BOWEN 
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Winning 
Combination 


For readers and ad- 
vertisers alike, The 
Petroleum Engineer’s 


REFINING ond 


Gas PROCESSING four separate editions 


are exactly that. 


Better visibility is the 
gain of each edition 
... better attention 
its reward, from the 
reader who has se- 
lected his preferred 
editorial coverage, . - 
as borne out by PE’s 
increase of nearly 
5,000 readers since 
introduction of its 
winning combination. 


COMBINED 
ALL DIVISION 


Use the enclosed card 
to subscribe to the 
edition you prefer. 
More engineers, su- 
perintendents, fore- 
‘men, read PE than any 
other oil publication. 
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MAGCOBAR MAINTAINS 
STOCKPILES OF DRILLING 
MUD MATERIALS RIGHT 

AT YOUR RIG’S BACK DOOR 


In many cases, the mud weighting materials and 
chemicals oil operators use to transform emergencies 
into routine operations would be of no value if they 
were more than an hour away from the drilling location. 

Magcobar has successfully met this challenge for 
efficient service by establishing a network of more than 
250 dealers from Canada to the Gulf Coast. Each of 
these friendly Magcobar dealers maintains a stockpile of 
mud weighting materials and chemicals, more often than 
not right at your rig’s back door! This on-the-spot- 
service . . . representing an investment of hundreds 
of thousands of dollars by Magcobar . . . pays off by 


200K FOR THIS SIGN WHEN YOU NEED MUD 


MAGCOBAR @ MAGCOGEL ® HIGH YIELD DRILLING 
“UD @ XACT CLAY ®@ FIBER-SEAL ® MAGCO-MICA ® 
TANNATHIN @ JEL-OILMUD ®@ JEL-OIL “E” @ SALT GEL 

NOHEEV @ SEAL FLAKES ® MY-LO-JEL © CHEMICALS 


UU) UDUPI 


UMN tis, 


Ung itd) TUITE 


THE MOVE TO YoU 


saving operators millions of dollars a year in rig time 
and by preventing troubles that might be caused by 
delays in mud or chemical deliveries. 

The next time you need mud, look for the dealer who 
stocks Magcobar. He is doing his dead level best, night 
and day, to keep mud on the move to you! You can 
depend on him to handle your mud requirements 
promptly and at fair and reasonable prices. 


MAGNET COVE BARIUM CORPORATION 
MALVERN, ARKANSAS HOUSTON, TEXAS 


Export: 
Daniels, Beckley and Associates 
30 Rockefeller Plaza New York, N. Y. 


DRILLING MUD SERVICE 


DEALER 





The Contractor’s Viewpoint 





The Drilling Contract’ 


HAMILTON ROGERS* 


Aut of you men in the industry have 
experienced the sense of creative ef- 
fort that flashes through the depths 
of the mind when you drive up to a 
modern drilling rig and “see ’er 
a’turnin’ to the right.” There, before 


your eyes, are the symbols of. the 


growth and development of a great 
industry on which all mankind and 
our nation’s welfare so largely de- 
pend. In your mind’s eye you can 
visualize the steady progress that has 
imperceptibly grown from the hours 
of sweat and toil, the adaptation to 
new conditions and techniques, and 
the expenditure of billions of dollars. 
It is only necessary to see these mod- 
ern power plants in operation, drill- 
ing to depths below 15,000 ft, to ap- 
preciate the full contrast between 
them and Drake’s first steam-driven 
rig in 1859 or the first crude rotary 
operation at Spindletop in 1901. Yes, 
“‘a’turnin’ to the right” is the symbol 
to each of you of the transformation 
from the days of candle light to the 
days of vibrant society geared to 
wheels and propelled by machines 
that are oiled through your own cre- 
ative efforts. 


This progress—this transformation 

has been possible only because of 
combined efforts of free men in a 
society of free enterprise. The indi- 
vidual operators, the independent 
companies, and the integrated com- 
panies by cooperative and competi- 
tive efforts have provided petroleum 
and petroleum products to meet the 
demands of a changing, materialistic 
world. All of these business enter- 
big and small—are essential 
to the future of the industry. Each is 
dependent on the other. None will 
ultimately survive without the other. 
An integral and essential part of this 
progress is directly attributable to 
the work and “know-how” of the 
drilling contractors. The technique of 


prises 


drilling wells is a science and an art - 


a specialized field of work and 


tPresented at the ninth annual meeting of 
American Association of Oilwell Drilling Con- 
tractors, at the Baker Hotel, Dallas, Texas, Sep- 
tember 19-21, 1949. 


*Rowan Drilling Company, Fort Worth, Texas. 
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study for the independent drilling 
contractor. Today, approximately 85 
per cent of the rotary drilling rigs 
are owned and operated by inde- 
pendent drilling contractors; their 
collective efforts, to be sure, have 
contributed substantially to the pro- 
gress of world oil. 

While progress in the discovery 
and development of these resources 
has stemmed, to an appreciable ex- 
tent, from the independent contrac- 
tual relationship between the com- 
panies and drilling contractors, the 
contracts defining that relationship 
have not kept pace with progress in 
the industry and have not evolved to 
reflect new and changing techniques, 
conditions, hazards, and methods of 
operation. Some of the provisions in 
drilling contracts today refer to prac- 
tices and procedures long since obso- 
lete and have no more place in a con- 
tract relating to a modern power rig 
operation than would an_ excerpt 
from the Code of Hammurabi. 
Changes have been made in contract 
terminology from time to time to 
guard aganst the effects of adverse 
count decisions, but in the main, these 
changes have been interpolated in the 
language of the contracts without re- 
casting the whole agreements, and 
in consequence, these interpolations 
have often confused rather than clari- 
fied the relationship between the com- 
pany and contractor. A house-that- 
Jack-built contract should not be re- 
commended to the industry as a fair 
expression of the contractual relation 
between company and contractor, and 
certainly should not be used as the 
yardstick to determine risks and res- 
ponsibilities in a contractual relation- 
ship involving the expenditure of 
thousands of dollars. It is for this rea- 
son that the contractors generally 
should doff their hats to the operating 
executives of the companies for their 
fair-mindedness and understanding in 
their uniform refusal to apply the 
“law of the Medes and Persians” spec- 
ified in most of these contracts. If it 
were not for this understanding—this 
fair-mindedness — contractors could 
not work profitably under existing 
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agreements. Probably, an ordinary 
company executive would be fired as 
an imprudent business man if he, in 
behalf of this company, repeatedly 
took the risk of a million dollar loss 
in order to earn a day-rate profit. But 
this is frequently required of the con- 
tractor. Such is his specified obliga- 
tion in some of the contracts currently 
in use. 


The conditions to which I refer 
occurred long before my time, but you 
men who have grown with the indus- 
try can recall favorably the days when 
a drilling contract was a simple under- 
standing between company and con- 
tractor. To be sure, everything is more 
complicated now, and besides that, 
companies have had bad experiences 
with a lot of rugged individualists who 
followed the rigs, kept books in their 
hip-pockets, and slept near the boil- 
ers. These bad experiences led to com- 
plicated contracts, piecemealed from 
time to time with pocket additions 
designed to avoid a reoccurrence of 
the most recent experience, to the end 
that we now have patch-worked con- 
tracts, one sided in design, which do 
not reflect the ordinary, basic under- 
standing between you men who have 
grown with the industry. Most of the 
contractors were efficient and reliable 
men, however, and in the cyclic eco- 
nomic experience of the industry, the 
inefficient are gradually weeded out. 
So during this same period, as the in- 
dustry prospered and progressed, cer- 
tain customs and practices grew to 
weld the understanding between the 
company executives and the contrac- 
tors who worked for them. These are 
the customs of the industry today. So 
if I were asked to define a drilling 
contract, I might truthfully say that a 
drilling contract is that practical, 
though unenforceable, working agree- 
ment between the operating executive 
and the contractor that embodies the 
time-tested customs and the ordinary 
practices and procedures that have 
evolved during years of cooperative 
work and effort. But these customs 
and practices, particularly in refer- 
ence to risks and responsibilities, are 
not always reflected in the printed 
agreements you contractors sign — 
probably with your tongue in your 
cheek and at the same time recall- 
ing that practical, ordinary working 
agreement between you and Mr. 
Brown, under which you think (and 
probably have reason to believe) that 
you will be bailed out if you run into 
heaving shale or other abnormal con- 
dition. The printed contracts simply 
do not reflect executive thinking. After 
all of these years of cooperative work, 
it seems that the basic, ordinary un- 
derstanding between the operating ex- 
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an ase S SCHLUMBERGER WELL SURVEYING CORPORATION 


R = 8.5 ohms 


Departure curves are necessary to establish the 
value of R, in the sand from 10,128’ to 41’ 
because of bed thickness. 


Rs = 1.2 ohms in adjacent wells where the 
sand is below water level. 


1.2 


ie 8.5 


= 38% 


2) Formation water resistivity Rw 


with SP = — 70 logis = == —40 mv.,- 


Rw = .076 ohms @ B.H.T. 


3) Porosity p 
_ & ma 3 
j Re aa 


p= = 91.5% for m = 1.8 


CORE ANALYSIS 
Average Porosity 94.3% 
Average Permeability 248 md. 
Residual Water 48.7% 
Residual Oil 11.1% 
Total Fluids 59.8% 
Connate Water 37% 


PRODUCTION RESULTS 
Production Section: 10138 — 43’ 
Production Potential: 194.5 BOPD 37° 
Gas/oil ratio: 1141/1 
Water: 95.1% 


SCHLUMBERGER’S PROGRESSIVE PROGRAM OF RESEARCH AND ENGINEERING 
PROVIDES CONSTANTLY ADVANCED SERVICES TO THE OIL INDUSTRY 





ecutives and the contractors has not 
yet cleared the legal department. 


The drilling industry is no longer 
in its infancy. It is full-fledged and 
man-sized and composed mostly of re- 
liable business men who are worth- 
while citizens and leaders in. their 
communities, states, and nation. Just 
look around in the drilling industry, 
and you will see capable business men 
who have made a vast investment of 
risk capital in a risk enterprise and 
who regularly plow earnings into 
their business in order that the best 
of modern equipment can be offered 
their customers. They are not the 
“fly-by-night” contractors of older 
days; they are men who are financial- 
ly responsible and whose integrity 
will compare favorably with the best 
in American industry. The prudent 
business man will not long risk capital 
in an entérprise that requires that he 
absorb catastrophe losses; his invest- 
ment capital will be planted in safer 
fields. In the long run, the companies 
really cannot afford to hire imprudent 
contractors, for imprudence and in- 
competence often walk hand in hand. 
The progressive contractors have in- 
tricate systems of accounts and rec- 
ords that are required not only by 
common business prudence but also 
in order profitably to stay abreast un- 
der the highly competitive conditions 
that normally prevail. These business 
men have earned their spurs and 
should not be contractually penalized 
for the defalcations of the few. I have 
been told by older heads that you can- 
not write a contract that will really 
protect you against a defaulter; yet, 
it is the natural thing to do for law- 
yers to strive and strive and strive to 
that end. Real protection lies in the 
proper selection of business associ- 
ates. 

The drilling of a well is a hazard- 
ous and expensive undertaking. Re- 
cent developments in the law have ac- 
centuated old risks and created new 
ones. The intensive search for oil 
has brought about many changes in 
techniques, practices, and working 
conditions. The final settlement of ac- 
counts are frequéntly handled by 
clerks or auditors who are often un- 
familiar with the practical aspects of 
the particular job, who do not know 
about the side agreement with Mr. 
Brown, and who discard old interpre- 
tations of contractual language and 
sometimes supply new ones. This 
whole changing panorama should 
prompt fair-minded business men in 
the oil fraternity to review the rela- 
tionship between company and con- 
tractor and to rewrite the drilling con- 
tracts with a sprinkle of custom and 
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practice here and a pinch of clarity, 
equity, and fairness there. 


The companies and the contractors 
would mutually benefit if a uniform 
drilling contract were used that com- 
pletely, accurately, and fairly speci- 
fied the rights, duties, risks, and obli- 
gations of the respective parties. This 
is a long-range objective, difficult to 
achieve, which will require time and 
patience and practical knowledge and 
understanding. You see, it is difficult 
at times for lawyers to agree on con- 
tract terminology. Pride in author- 
ship and honest differences in analysis 
or opinion only serve to complicate 
the problem. For the time being, there- 
fore, it is urged that each company 
review its drilling contract and have 
it rewritten to fairly express those 
practical understandings that have 
evolved through years of experience 
and have become the actual practices 
and customs in the industry. The spe- 
cific language utilized is unimportant 
if basic principles are fairly expressed 
and the actualities of modern opera- 
tions kept in mind. 


Consider, for example, the concept 
of “day work.” In coring, drillstem 
testing, electrical logging, and other 
instances where work is normally per- 
formed on a day rate basis, the com- 
pany has the right of control. If a 
packer fails on a drillstem test, the 
pipe is stuck, and the hole junked— 
who has the risk? Most of the printed 
contracts raise considerable doubt, or 
at best, the answer is in the “unsaid” 
section of the contract. Some of the 
contracts say that day work has no 
meaning or significance other than to 
designate the manner of payment, al- 
though court decisions seems to imply 
a significance of considerable import- 
ance. In spite of the “unsaid” section 
or the specific contractual definition, 
practical operating men say that by 
custom and practice the company 
takes the risk of the hole and the 
equipment in the hole while working 
on day work. If this is the practice— 
if this is the custom—would it be un- 
fair to incorporate this principle in 
the printed contract? 

Again, suppose the contractor en- 
countered granite, high pressure water 
flow, heaving shale, or other abnormal 
drilling hazards before the specified 


depth is reached—who has the risk? — 
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The oil and automotive industries 


have cooperated with better fuels and. 


better engines to increase automobile 
efficiency 30 per cent since 1930. This 
saves the American motoring public 
$2 billion a year. 


Many of the printed contracts omit 
entirely any reference to abnormal 
hazards, and presumably the contrac- 
tor would be required to drill through 
solid granite or fight heaving shele 


to the specified depth (and incident- 


ly tender the hole in acceptable conci- 
tion) in order to earn his pay. Other 
contracts contain protection clauses 
that require the contractor to control 
high pressure water flow or simil: 
hazard for a specified number of hours 
before day work begins but leave in 
the “unsaid” section the question of 
risk during the fight. Yet, when these 
conditions are encountered, practical 
operating men say that by custom and 
practice the contract is deemed com- 
plete, and all additional work is per- 
formed on day work at the risk and 
responsibility of the company. If this 
is the practice—if this is the custom— 
would it be unfair to incorporate this 
principle in the printed contract? 


Take the “hold harmless” clause in 
most of these contracts—now that is 
the clincher! Although the contractor 
may have no direct liability, he con- 
tractually agrees to be liable and to 
protect, indemnify and hold the com- 
pany harmless “from and against all 
claims, demands, and causes of action 
of every kind and character arising 
in favor of third persons on account 
of personal injuries and/or death or 
damage to property occuring, in any- 
wise incident to, or arising out of the 
work performed by contractor, and 
particularly, but not by way of limita- 
tion, against any loss or damage what- 
soever caused by fire, blowout, explo- 
sion, or accidents of any kind during 
the drilling and until the completion 
of the well and the acceptance there- 
of .. . and agrees to pay company for 
destruction of or damage to its prop- 
erty growing out of or incident to con- 
tractor’s operations under the con- 
tract .. .” Practically everything that 
occurs around a drilling rig is “inci- 
dent to or arises out of” the opera- 
tions. The extent of assumed liabilities 
under this clause, both as to personal 
injuries and property damage. has 
not yet been fully explored, and as 
before the Elliff doctrine, will cover 
elements of risk and damage not pre- 
sently enumerated among your wor- 
ries. By such a broad, all-inclusive 
clause, the contractor in effect under- 
writes the whole show. The contrac- 
tor is not an underwriter, never has 
been, and should not be. He should be 
responsible for his own negligence 
and the negligence of his employees, 
but he should not be contractually re- 
quired to pay for the company’s neg- 
ligence or the negligence of company 
employees, or for the company’s con- 
current negligence. For example. if 
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the contractor is contractuaHy obli- 
gated to carry mud weights in the 
manner specified by the company and 
does follow the specific directions of 
the company engineer, should the con- 
tractor be obligated to protect the 
company from a third party claim if 
inadequate mud weights is the estab- 
lished ground of negligence? The con- 
tractor may have a direct liability to 
the third party claimant, but he ought 
not be required to pay for the com- 
pany’s mistakes too. Some of the com- 
panies are to be commended for their 
recent amendments to the “hold harm- 
less’ clause. All of the companies 
should review this onerous burden. 











The oil companies will profit none by 
sitting astride Pandora’s Box and 
screwing down the lid. 

The Elliff case (Elliff vs. Texon 
Drilling Company, et al, 210 S. W. 
2nd 558) announced new principles 
of law that amount to modification of 
the familiar “rule of capture”. The 
contractor is primarily liable not only 
for underground trespass and damage 
to the reservoir but also for the value 
of the lost products which escape as 
a result of the contractor’s negligence. 
The contractor’s potential liabilities 
under the doctrine of this case are 
enormous. These liabilities are pri- 





mary and direct and imposed by law, 





Specify HERCULES 
FOR A BETTER (BERRY PATTERN) 


CASING HEAD 





The Hercules Type “BP” Casing Head is similar in design to the 
conventional Berry Pattern Casing Heads, except that it is reinforced where 
the 34-inch Cone Point Set Screws are attached. This reinforced section 
helps eliminate breakage at the set screws, which often occurs when shock 
is exerted against set screws in the conventional type heads. . 

Each head is furnished with a 14-inch square, endless Neoprene 
Packing Ring which is oil and acid resistant. Since it is molded in an endless 
piece, the danger of leakage is greatly minimized. Specify Hercules “BP” 
Casing Head for your next well. Write for Bulletin No. 305-BP. 


SOLD AT ALL SUPPLY STORES 


HERCULES TOOL COMPANY 


Manufacturers of Oil Field Equipment 


General Office and Plant: TULSA, Telephone 3-1186 
17th and Phoeni Cable Add 
>. Bast 286 “ OKLAHOMA pc emi a 


California Representative: 
L. T. (Ted) WALTIMIRE 
Phone 4-4169 — P. O. Box 1612 
Bakersfield, California 
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Export Representative: 
OILFIELD EQUIPMENT CO., INC. 
T. E. WARD, President 
30 Church St., New York 7, N. Y. 
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but when coupled with the “ho'd 
harmless” clause, the contractor mvst 
respond directly for his own negligent 
acts and indirectly for the neglige:tt 
acts of the company. The drilling con- 
tractor is in a dilemma: He is exposed 
to unlimited liabilities on the one 


hand and cannot economically insure 


against the risk on the other. Although 
the insurance market has changed ‘o 
some extent, I have seen one domestic 
quotation on a 20-rig operation 
amounting to $180,000 annual pre- 
mium for $100,000 coverage. Such a 
premium is excessive and the coveraze 
wholly inadequate for a catastrophe 
loss. The contractor cannot prudenily 
take the risk of direct liability, and 
particularly the risk of assumed liabi- 
lity; so even though the company may 
not require insurance coverage, the 
contractor should consider the busi- 
ness advisability of securing insur- 
ance protection or else run the risk 
of having the earnings of a lifetime 
wiped out as a consequence of some 
momentary act of omission or com- 
mission. The “hold harmless” clause 
should be amended so that the con- 
tractor would be liable only for dam- 
ages resulting solely from the negli- 


gent acts of the contractor or his em- . 


ployees during the time the contrac- 
tor has the right of control over the 
operations. Should the company de- 
sire the contractor to assume any ad- 
ditional liabilities for underground 
damage or for value of lost products, 
the risk assumed should be covered by 
specified amounts of insurance, the 
indemnity limited to the amount of 
insurance specified, and the cost of 
insurance added to the contract price 
for the work performed. 


Other parts of the contracts should 
also be changed. In so many instances 
the printed contracts are modified by 
odd riders, piecemealed amendments. 
and exceptions which lead to conflict- 
ing and ambiguous provisions when 
the whole instrument is considered: 
and in many instances, the difficulty 
in interpretations force across-the- 
table settlements after the work is 
completed. At times, the ambiguities 
and the “unsaid” portions of the con- 
tracts make analysis of risk and ac- 
curate billing and accounting difficult 
and provide a field for disputes that 
ought to be avoided. Although no 
contract could be designed to blanket 
all situations, clarity and complete- 
ness would certainly improve most of 
the contracts currently in use. Clarity 
and completeness—who does or pays 
for what, when, and where—would 
help the contractor analyze and evalu- 
ate each job and if the risks are equit- 
ably apportioned, will improve the re- 
lationship between company and con- 
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ONE is always 
Outstanding! 


In August of 1881, the Casino at Newport, R. I. 
was the scene of the first national singles cham- 
pionship of the U. S. Lawn Tennis Association. 
Since then, the greatest names in tennis have 
battled for this highly prized title. 


The carefully conditioned stamina 

of tennis stars is a determining factor 
in championship performance. 

So, too, is the endurance built into 
Jones sucker rods. 


Starting with steels, to Jones 
specifications, these rods are made to 
highest standards. Special forging 
practice assures freedom from early, 
expensive failures. Controlled 

full length normalizing produces a 
strain-relieved, fine-grained structure. 
Shot peening adds strength — 
increases resistance to fatigue failure. 
Precision threading assures strong. 
enduring, tight fitting joints. Even 
the distinctive green paint offers extra 
protection against corrosive forces. 


Add to this more than fifty years 
specialized experience in making and 
fitting rods to every pumping condition 
and the preference for Jones sucker 
rods is readily understandable. Write 
for our latest catalog. 


THE §,,M. JONES COMPANY 


'o Bolt Company) 
General Office and Factory: ToLEDo, Onto 
Sales Office: Kennedy Building, Tulsa, Okla. 
Export Sales Office: Buffalo International Corp. 
50 Church Street, N. Y. C. 


The Beet by 4ouy “lest! 
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tractor, and in the end will save the 
companies money. 

Although the thoughts and sugges- 
tions expressed here are intended to 
represent the viewpoint of the drilling 
contractor, and to present the normal 
reaction to the typical drilling con- 
tract forms now in general use, never- 
theless, the contractor is deeply con- 
scious of the fact that his economic 
existence is essentially dependent on 
his continued ability to perform the 
basic services of an independent con- 
tractor. He is fully cognizant of the 
fact that he must—through the invest- 
ment of increasing amounts of capital 

-provide and maintain equipment 
and facilities of the latest and most 
efficient design, sufficiently adaptable 
to meet the varied requirements of his 
customers. 

He -is also conscious of the ever- 
changing techniques of drilling, and 
of the competitive necessity for keep- 
ing abreast of the more advanced 
methods and practices in the industry, 
and of providing skilled labor and 
competent supervision with the re- 
guired “know-how”, Furthermore, the 
drilling contractor is aware of the fact 
that one of the primary inducements 
for the operator to contract wells in 
the first place, is to avoid a substan- 
tial amount of the operational risks 


and hazards inherent in the drilling 
operation itself. 

In advocating a thorough renova- 
tion of the drilling contract form, the 
contractor is motivated by a firm be- 
lief that the accomplishment of this 
objective would materially aid him in 
improving his service to the operator 
and would inure to their mutual bene- 
fit. A contractual agreement that is 
clear and explicit as to the equipment 
to be furnished by contractor, the na- 
ture and extent of the service to be 
performed, and a definite and unmis- 
takable pattern for the distri]ution 
of the specific risks and resporisibili- 
ties, would undoubtedly improve the 
entire atmosphere and relationship be- 
tween the operator’s representatives 
and the contractor’s organizé:tion— 
from the field personnel to the execu- 
tive officers. Such an agreement would 
enable the contractor to intelligently 
and capably prepare his estimate—and 
to properly evaluate costs and risks of 
the undertaking, resulting in the sub- 
mission of a more favorable price to 
the operator. Throughout the job, 
minor difficulties occasioned by uncer- 
tainty in the contract would be mini- 
mized. Upon completion, charges and 
billing could be prepared with a sub- 
stantial savings in time and avoidance 
of needless corrections. 
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( FOR DEEP OR SHALLOW DRILLING me 


MO) ATA RINE 
OPERATIONS... 


Whatever your mill- 


The executives and division super- 
intendents of the operator would not 
be called upon to devote tedious hou-s 
to review the contractor’s plight, «s 
a result of the necessity for ameliorat- 
ing the effect of hard and fast legal 
provisions—contained in many of tlie 
present contract forms—that are rec- 
ognized as untenable in application. 

If the disparity between the written 
contract and the real understanding, 
as determined by the more reasonable 
customs and practices generally fol- 
lowed, were resolved and clarified, 
the high cost of insurance resulting 
from premiums that are predicated 
on the false basis of the “letter of the 
contract” could be vastly reduced, 
and a satisfactory solution to the cur- 
rent insurance problem would be 
afforded. 

Therefore, without presuming, nor 
intending, to write the contract for the 
operator, it is earnestly submitted that 
the oil operator, through its executive 
branches should outline and approve 
the basic principles for the new form 
of drilling contract, patterned along 
the lines and general principles, cus- 
toms, and practices herein referred to, 
and that the legal department of the 
operator should be instructed to in- 
corporate these principles into a new 
type of drilling contract form. * * 
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MECHANICAL WELL LOGGING SERVICE eee: for best 
| cutting results; inserted 
CAN HELP YOU! blades are made _ of 
high speed tool steel, 
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inventory, minimize delays, simplify 
shipping and stock-room requirements. 


“Hydraulic 
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Shaffer Hydrauli 


¢ Cellar Control Gates 
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If your operations call for bydraulically-operated cellar con- 
trol gates, the Shaffer Hydraulic Cellar Control Gate is, by all stand- 
ards, the most advanced, most dependable, most compact hydraulic 
cellar control gate available today. These are only a few of its many 


outstanding advancements... 


> SPACE-SAVING COMPACT- 
NESS: In the Shaffer Hydraulic 
Cellar Control Gate you get TWO 
separate ram compartments unit- 
ized in ONE body—with a total 
overall height of only 30” even 
in sizes as large as 1334” (12” 
Series 900)! 

> COMPLETELY ENCLOSED DE- 
SIGN: Nore how all moving parts 
are completely enclosed within the 
gate body—nothing to become 
damaged or wedged by objects fall- 
ing into the cellar—nothing to 
become corroded by chemicals or 
salt-laden muds. Even the locking 
shaft is non-rising—fully protected! 
> FAST, SIMPLE RAM CHANGES— 
the simplest in any gate. Merely 
unbole and swing open the side 
door, slide out the ram assembly, 
slide in the new assembly, close 
and bolt the door—and the job 
is done. Moreover, complete ram 
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changes can be made whether pipe 
is in or out of the bole! 


> DIRECT HYDRAULIC DRIVE with 
the hydraulic operating cylinders 
directly behind the rams. No sec- 
ondary connections between hy- 
draulic cylinders and rams—greater 
safety, maximum simplicity. 


> QUICK DRAINING BODY: The 
rams travel on high narrow guide 
ribs far above the steeply-sloped 
compartment bottoms. Mud and 
sand quickly drain back into the 
well and no detrimental accumu- 
lations can collect to prevent free 
and complete ram travel! 

The above advancements are vitally 
important—yet are only part of the 
COMPLETE story on Shaffer Hy- 
draulic Cellar Control Gates. Be 
sure to get ALL the facts from your 
Shaffer representative—or write 
direct! 
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HERE’S AN ADDED SAVING! Not only are Shaffer Cellar 
Control Gates — whether hydraulically or mechanically-operated — the 
most advanced in their respective fields, but if you use both types in 
your field operations there is no need to stock separate ram blocks 
and ram rubbers for each type of gate. Ram Rubbers and Ram Blocks 
are interchangeable, size for size, between the hydraulically-operated 
and mechanically-operated Shaffer Cellar Control Gates. You save on 
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Shaffer Double Cellar Control Gates 
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If your operations call for mechanically-operated cellar con- 
trol gates, the Shaffer Double Cellar Control Gate is unequalled in 
this field. Maximum compactness, rugged dependability and installa- 
tion simplicity are assured by such exclusive features as these... 


> UNUSUAL COMPACTNESS: Al- 
though Shaffer Double Cellar Con- 
trol Gates combine TWO complete 
fam compartments in ONE com- 
pact body, they require less than 
29” of cellar height even for sizes 
as large as 1334" (12” Series 
900)! 

> WIDE CHOICE OF POWER: 
Shaffer Double Cellar Conrrol 
Gates can be readily operated -with 
air, steam or electric drive—all 
with the added protection of com- 
plete manual standby. Moreover, 
the same gate can be quickly 
changed from one type of power 
to another to fic the requirements 
of different rigs. 

> SIMPLE RAM CHANGES: Only 
one end cover need be removed to 
completely change the rams in the 
compartment of a Shaffer Double 


\ Cellar Control Gate. The complete 
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Get an unbiased recommendation 


on the type of cellar control gate best suited to your operations. 
Since Shaffer—and only Shaffer—manufactures both hydraulically- 
operated and mechanically-operated cellar control gates, Shaffer 
alone can provide you with either type of gate—depending upon 


ram assembly slides out in one 
unit, facilitating ram changes and 
eliminating extra operations. 

> SELF DRAINING BODY: The 
compartment bottoms in Shaffer 
Double Cellar Control Gates fea- 
ture the same quick draining de- 
sign as Shaffer Hydraulic Cellar 
Control Gates. Rams travel on high 
narrow guide ribs where no 
detrimental sand or mud accumu- 
lations can collect to interfere with 
free ram travel. Any mud or sand 
that does get into the compartment 
quickly drains back out again into 
the well, reducing maintenance to 
a minimum. 

There are many other important 
Operating features built into 
Shaffer Double Cellar Control 
Gates and your Shaffer representa- 
tive will be glad to give you the 
complete details. 
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which is best for your particular operations! 


See pages 4433 to 4496 of your 1950 Composite Catalog tor help- 
ful data on the above equipment as well as on other Shaffer 


products. 


Write for your free copy of the new Shaffer Catalog. 
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Operator’s Response 





DRILLING CONTRACT FORMS 


EARL A. BROWN* 


My task today is listed on the pro- 
gram as a response to Mr. Rogers’ 
address on contract forms. I am sup- 
posed to present the matter from the 
operator’s viewpoint. Trying to speak 
for all the operators has its elements 
of presumptuousness; so in the last 
analysis, what I say represents what 
appears to me, personally, and the 
company, which sometimes takes my 
advice as proper and practicable. 

First, | should like to join Mr. 
Rogers in paying tribute to the spirit 
of fairness and understanding that 
characterizes the relationship between 
the contractors and the operators. 
This attitude has always been one of 
the outstanding features of the indus- 
try. Disagreements arising out of in- 
terpretations of the drilling contract 
have been rare; and when they have 
arisen, it has nearly always been pos- 
sible to settle them amicably. It has 
been my lot to sit in on a number of 
conferences involving the construc- 
tion of such a contract, and the settle- 
ments that resulted were invariably 
reached without any hangover of re- 
sentment by either party. 

That isn’t to say, however, that the 
drilling contract form should not be 
as complete, plain, and unambiguous 
as we can make it. It isn’t to admit 
that there is any part of the contract 
that is not expressed in the written 
instrument; if there is, then the entire 
agreement is ineffective. A drilling 
contract should express the full agree- 
ment of the parties and be tested by 


the same rules which are applicable » 


to any other contract in which the 
parties faithfully endeavor to express 
their mutual rights and liabilities. 
This is necessary for several rea- 
sons. First, it is a protection to both 
parties, in connection with the per- 
formance of a complicated service in- 
volving the expenditure of large sums 
of money, to have their rights and 
duties clearly defined. Secondly, by 
keeping down misunderstanding, it 


*tPresented at the ninth annual convention of 
American Association of Oilwell Drilling Con- 
tractors, at the Baker Hotel, Dallas, Texas, Sep- 
tember 19-21, 1949. 

*Magnolia Petroleum Company, Dallas, Texas. 
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serves to maintain the fine spirit of 
cooperation which now exists between 
the operators and contractors. Third- 
ly, clarity in obligation is absolutely 
necessary in cases where the contrac- 
tual liability is covered by a policy of 
insurance. You can be certain that no 
insurance company will pay off on an 
“unsaid” provision of a contract, and 
you may be equally sure it will not as- 
sume any liability based on a custom 
or practice of the industry, unless that 
custom or practice is, in one way or 
another, clearly made a part of the 
written instrument. The basis of lia- 
bility on the part of the insurance 
company is the written word of the 
contract, nothing else. It is highly im- 
portant, therefore, that the contract 
be clear and complete. 

There is another point in Mr. 
Rogers’ address with which I am in 
thorough accord, and that is, some of 
the drilling contracts in force today 
are on patch-work forms. Deeper drill- 
ing, together with improved methods 
and more efficient processes in drill- 
ing operations within the last few 
years, have raised many questions not 
adequately covered in the drilling con- 
tract forms of a number of years ago. 
In many cases operators have tried 
to amend these old forms by adding a 
clause here and there to meet the new 
conditions, with the result that co- 
hesiveness in expression and compact- 
ness in form have been sacrificed, to 
some extent. I might add, in this con- 
nection, that in my company we 
started several months ago to revise 
and redraft our drilling contract form 
to the end that it should become as 
clear, compact, and comprehensive as 
we could make it, and we hope to have 
it ready for the printer shortly. In 
every contract, however, there must 
be special clauses to meet unusual con- 
ditions. Provisions concerning the en- 
countering of granite, heaving shale, 
or other abnormal drilling hazards 
are usually covered in such clauses. 


Day Work 


I come now to an issue in which I 
find myself in complete disagreement 





P 409. 


with Mr. Rogers. And that is concera- 
ing what he calls “the concept of day 
work”; and particularly his statement 
that: “In coring, drillstem testing 
electrical logging, and other instances 
where work is normally performed 
on a day rate basis, the company hus 
the right of control.” (Emphasis 
mine). 

Speaking for the form of contract 
my company uses, as well as those of 
several other companies | have ex- 
amined, | find nothing that transfers 
the right of control to the operator 
when day work is being performed, 
except in certain specific and unusual 
cases. There may be times when an 
operator desires to take over the di- 
rection of the work when coring, drill- 
stem testing, or other work of that 
character is being done, and, if the 
drilling contractor consents. thereto, 
—and his consent must be obtained— 
then there is a change in the contract, 
or a novation to that extent, by mutual 
consent. The point to be emphasized, 
however, is that such right of control 
cannot be exercised in such cases by 
the operator without the specific con- 
sent of the contractor, in the absence 
of a breach of the contract. 


Independent Contractor 
Relationship 

Probably the most important clause 
in the drilling contract, as affecting 
the rights of each party, is the “Inde- 
pendent Contractor” provision. Such 
provision is ordinarily stated, in sub- 
stance, in these or similar words: 


“In the performance of the 
work hereunder contractor is an 
independent contractor, free of 
control or supervision by the op- 
erator as to the means and man- 
ner of performing such work. 
operator being interested only in 
the results obtained.” 


It is only logical and reasonable 
that the drilling contractor and oil op- 
erator should maintain independent 
relationships toward each other. They 
are engaged in different businesses. 
Each business is manned by em- 
ployees especially trained for that 
business. The machinery and equip- 
ment required for the conduct of the 
one business is entirely different from 
that used in the other. The purpose of 
the one business is to drill and case 
a hole in the ground, and the purpose 
of the other is to produce oil through 
that hole after drilling is complete. 
The relationship between the two busi- 
nesses is as distinct and different as 
that which exists between a contrac- 
tor who constructs a building and a 
merchant who sells merchandise out 
of that building after it is constructed. 
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Each business, therefore, has its own 
responsibilities, and each’ should as- 
sume its separate obligations. 


Right of Inspection 

There is another matter, however, 
that requires mention at this point, 
and that is the operator’s right of 
inspection of the contractor’s work as 
it progresses. The mere fact that the 
operator retains the general right of 
inspection of the work as it is being 
conducted, for the purpose of seeing 
that the contractor meets the require- 
ments and carries out the stipulations 
of the contract, does not change the 
relationship of the parties or make 
the contractor the agent and servant 
of the operator. In this respect we 
again find complete analogy to con- 
struction contracts generally. The 
erection of a building or the construct- 
ing of any project of a considerable 
size is invariably carried out in pursu- 
ance of an agreement which includes 
detailed specifications for the work. 
Such agreements always carry a pro- 
vision permitting the owner to keep 
his representative, usually an architect 
or engineer, on the job to see that each 
part of the work as it is being com- 
pleted conforms to the agreed speci- 
fications. Drilling contracts contain 
many provisions and specifications as 
to how the work shall be performed. 
[t is certainly not out of the ordinary 
for the operator to retain the right of 
inspection of the work as it progresses, 
by his representative, who is often a 
geologist or a petroleum engineer 
(sometimes both), and to call the con- 
tractor’s attention to any failure to 
carry out the contractual require- 
ments. The legal rule covering this 
phase of the work is well stated in 27 
Amer. Jur. 490, as follows: 


“The mere retention by the 
owner of the right to inspect 
work of an independent contrac- 
tor as it progresses, for the pur- 
pose of determining whether it 
is completed according to plans 
and specifications, does not op- 
erate to create the relation of 
master and servant between the 
owner and those engaged in the 
work.” 

The authorities applicable to this 
relationship, and there are a number 
of them, make a clear distinction be- 
tween the right of inspection and the 
right of control. This distinction is 
not altered by the fact that a contract 
may give the operator the right to 
stop the work when it is not being 
properly done. Stopping the work and 
controlling the work are not the same. 

Cases sometimes arise, however, 
where it is claimed that the right of 
control is exercised by the operator’s 
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agent and inspector in contravention 
of the express provisions of the con- 
tract. The question is presented wheth- 
er or not the legal relationship of the 
parties is changed by such assump- 
tion of authority. Such a case was that 
of Lone Star Gas Company v. Kelly 
(Tex. Comm. App.), 46 S. W. (2d) 
656. In that case Lone Star Gas Com- 
pany had employed Community Natu- 
ral Gas Company, as independent con- 
tractor, to lay a pipe line. Kelly was 
injured as a result of the activities-of 
Community Natural Gas Company in 
laying the line. Among other things 
he alleged that Lone Star had em- 
ployed an inspector to inspect the 
work as.it: was being done and that 
the inspector exceeded the duties im- 
posed upon him, and actually under- 
took to control the performance of 
the work by the contractor. This was 
denied by Lone Star and the evidence 
on the point was conflicting. The 
court, however, did not attach a great 
deal of importance to the inspector’s 
activities, but said: 

“#* * * in a case such as this, 
where the contract is conclusive- 
ly established, the mere fact,‘that 
the inspector may at timres-have 
exceeded his duties would not 
alter the legal situation. In: other" 
words, the relationship of master 
and servant depends not on the 
exercise of control ovér the work, 
but the right to exercise such con- 

trol.” i ar 


Briefly then, the written ¢ontract of 
the parties prevails over the unauthor- 
' ized act of the operator’s inspector, in 
‘-the absence of unusual circumstances. 


It follows,. of course, that the contrac- 
tor has the right to refuse to follow 
directions given by an inspector, when 
such directions are not authorized by 
the contract. 


The “Hold Harmless Clause” 
Probably the “‘hold harmless 


clause” has evoked more earnest com- 
ment and inspired more sharp criti- 
cism than any other provision in the 
contract. Mr. Rogers has given it a 
great deal of attention in his paper, 
suggesting that the contractor is re- 
quired to “pay for the company’s mis- 
takes,” and that by this clause “the 
contractor in effect underwrites the 
whole show.” 


Those expressions sound like some- 
body is endeavoring to force an un- 
warranted liability on the contractor, 
but let’s examine the situation and 
determine first, whose “show” it is; 
and second, what the “show” includes. 
Answering the first question, I think 
it must be admitted that it is exclusive- 
ly the contractor’s show; he is the sole 
performer. The show is his agreement 
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to “drill and complete” a well “fr: e 
of control or supervision by the o)- 
erator as to the means and manner «f 
performing such work.” Those pr. - 
visions do not leave room or oppor- 
tunity for anybody else to “get into 
the act.” Again, while the statemeit 
of liability in the clause is expressed 
in comprehensive language, such liz- 
bility is limited in the clause itself +o 
that “growing out of or incident io 
contractor’s operations under the con- 
tract.” And when we remember that 


such operations are “free of control 


or supervision” by the operator, it 
may be that the clause is not as harsh 
or inequitable as might appear on 
first thought. Such a clause has been 
included in drilling contracts for 
many years, and history doesn’t re- 
cord that it has been an instrument of 
injustice in actual practice during 
that time. Finally, a careful reading 
of the clause fails to disclose anything 
that would impose liability on the 
contractor where the claims are based 
solely on the “company’s mistakes.” 
If such liability is included therein, 
then as a company attorney, I have 
been giving my client some bad advice 
for a long time and have overlooked 
some rare opportunities to pass on 
to the contractors some claims which 
I thought to be the responsibility of 
my company. 


The Claim of Joint Liability 

Seriously speaking, the principal 
objection which has been raised 
against the “hold harmless clause” is 
that it requires the contractor to as- 
sume full liability for injuries grow- 
ing out of its operations jointly with 
some alleged act or fault on the part 
of the company. There is no denying 
that this is not only the effect but also 
the purpose of the clause. Upon first 
consideration this might seem unjust, 
but, again let’s think the situation 
through. 


Under Texas law the doctrine of 
comparative negligence is not recog- 
nized. Under such a doctrine, where 
two or more defendants contribute to 
an injury, the negligence of each is 
“compared,” so that liability may be 
apportioned according to the degree 
in which the actors are considered to 
have been responsible for the calami- 
ty. In Texas, as well as in most other 
states, no such rule applies. In a typi- 
cal case, McBeath v. Campbell, 12 S. 
W. (2d) 118, the Texas Commission 
of Appeals said: 


“There is no line of separation 
between the liability of joint tort- 
feasors. The tort is a thing in- 
tegral and indivisible, and any 
claim for injuries arising there- 
from runs through and embraces 
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every part of the tort. The liabili- 
ty of one cannot be carried into 
any portion of the joint tort that 
is not followed by an equal liabil- 
ity of the other tort-feasors. Each 
is liable for the whole, and the 
injured party may pursue one 
separately, or he may pursue all 
jointly, or any number less than 
the whole number.” 


[t follows that where a third per- 
son, or his property, is injured and 
both the operator and contractor are 
charged with negligence, recovery for 
the full amount of damage could be 
had against either party, even though 
the negligence of one was slight as 
compared to that of the other, whose 
negligence was the principal cause of 
the injury. 

Likewise, if a controversy should 
arise between the operator and con- 
tractor, growing out of damages suf- 
fered by one of them, a similar appli- 
cation of the same rule would prevail. 
If it could be shown that the negli- 
gence of the injured party contributed 
in even a small degree to the injury, 
there could be no recovery, because 
“contributory negligence is an abso- 
lute defense, no matter how negligent 
the defendant may have been.” 30 
Tex. Jur. 657. 


It might be said here that a number 
of legal thinkers and writers have 
criticized the contributory negligence 
rule and the failure to recognize the 
comparative negligence doctrine, as 
applied in Texas and most of the 
other states, but they are still the law 
ia these jurisdictions. So, when the 
operator and drilling contractor sit 
down to write a contract one of the 
things they try to do is provide against 
the harsh results that would follow 
from the application of these rules. 
And the only practical solution is to 
require the more active party to the 
contract to assume the full responsi- 
bility, and indemnify the other in case 
ot loss. I don’t suppose anybody 
would claim that complete justice is 
accomplished by this method. But it 
is submitted that justice is more near- 
ly approximated, or at least, injustice 
eliminated to some extent, by such a 
contractual provision than would be 
the case if the parties should leave the 
determination of these questions to 
the common law rules. 

After all, this indemnity clause does 
have a substantial basis. The contrac- 
tor is in charge of the drilling opera- 
tions; his contract gives him full con- 
trol; it is his drilling equipment and 
machinery that are being used; and 
his own employees are performing the 
work. Whatever defects there may be 
in his drilling equipment are known 
only to him not to the operator. What- 
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ever the skill or lack of skill, in drill- 
ing operations that is possessed by his 
worknien, is a matter peculiarly with- 
in his own knowledge. Whatever hap- 
pens to be the value of his experience 
in drilling oil and gas wells is also a 
condition concerning which the oper- 
ator may have little knowledge. Owing 
to the hazardous nature of the drilling 
operations, and the fact that the oper- 
ator must pay a large sum for the 
drilling—wet or dry, and the circum- 
stance that all operations are under 
the control of the contractor, it would 
be strange indeed if the operator did 
not insist upon a strong indemnity 
provision. 


The McKee Case 
The case of Standard Insurance 


Company v. McKee, 146 Tex. 183, 
205 S. W. (2d) 362, decided by the 
Supreme Court of Texas in Novem- 
ber, 1947, has been widely discussed 
because of its bearing on the relation- 
ship between the drilling contractor 
and the operator. It demonstrates (1) 
the importance of a complete contract 
between contractor and operator, and 
(2) what can happen in the absence 
of the indemnity clause. 


The facts in that case were that 
Valley Osage Oil Company had em- 
ployed McKee to drill several wells. 
McKee was an experienced driller, 
owned his drilling rig and tools, and 
for several years had been making con- 
tracts for the drilling of oil wells. He 
employed helpers who worked with 
him, paid them, and carried Work- 
men’s Compensation insurance. The 
court says his agreement for employ- 
ment with Valley Osage Oil Company 
“was partly written and partly oral,” 
the written part consisting of a letter 
which provided that he should drill 
a well to a depth of 900 ft, stating the 
consideration and containing the con- 


tractor’s agreement to furnish water, . 


fuel, slush pit, and some casing, with 
the owner to furnish the oil string and 
pay for pipe lost in the hole. Two wells 
were drilled and the third one was not 
tully completed when the incident oc- 
curred that gave rise to this lawsuit. 
The pipe had been cemented in the 
hole and had stood for 48 hours when 
Branscum, Valley Osage’s superinten- 
dent, told McKee to “go out, pick up 
the tools, dress the bit, and get ready 
to drill the new plug.” The bit be- 
longed to McKee and he went off to 
dress it, apparently using his own 
forge, and while engaged in this oper- 
ation his clothing was ignited from fire 
in the forge, resulting in injury. There 
is no evidence that Branscum was 
present or gave any instructions about 
dressing the bit. However, the court 
found that Branscum gave certain di- 





rections about the drilling operations 
that amounted to assuming control. 
and this control was imputed to all 
of the acts thereafter performed by 
McKee. Quoting from the court’s 
opinion: 

“Tt is true that Branscum did 

not tell respondent and the others 
working on the well how to oper- 
ate the drilling rig or how to bail 
the hole. They knew how to do 
those things. But the testimony 
that has been discussed indicates 
that Branscum had control over 
the finishing of the well to the ex- 
tent of giving all orders for the 
taking of each step, when to begin 
and where, how far to go and 
when to stop and how long to 
wait, and sometimes how to per- 
form the work. This testimony, 
in our opinion, at least tends to 
prove that the employer had, 
after the pay lime was reached, 
a right of control that was auth- 
oritative rather than merely 
supervisory, and that it related 
not to the ultimate results alone, 
but also to the means and manner 
of performing the work.” 


It thus appears that by reason of 
directions given by the operator as 
to how far to go and when to stop, 
and how long to wait, a control was 
assumed by him that carried “over 
into all other work, even to dressing 
the bit. Further on the court said: 

“The judgment rendered on 
the jury’s finding that respond- 
ent was not an independent con- 
tractor when he was injured does 
not mean, as petitioner argues, 
that the contract for drilling the 
well terminated when the day 
work stage of operations began 
after the well had been drilled to 
the lime. Both the letter and the 
oral testimony prove that re- 
spondent was employed to drill 
and finish the well. The effect of 
the jury’s findings is that the con- 
tract as evidenced by the letter 
and the oral testimony made re- 
spondent an independent con- 
tractor as to one part of the work 
under the contract and an em- 
ployee as to the other part. One 
may entrust .work to an inde- 
pendent contractor and retain 

such control over the doing of a 

part of the work as to create the 

relation of master and servant in 
so far as that part of the work is 
concerned.” 


To say that a person employed to 
drill a well may be “an independent 
contractor as to one part of the work 
under the contract and an employee 
as to the other part,” and then to say 
that the dressing of his bit by a con- 
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tractor in his own forge at a time 
when the operator was not present nor 
giving any instructions about the de- 
tails connected with the dressing of 
the bit was, nevertheless, under the 
operator’s control, has been a little 
difficult for some of us to understand, 
but it is, notwithstanding, a rule of 
law announced by the highest court in 
our State. It also indicates and implies 
that certain directions given by an 
operator to a contractor after the 
work is begun would create the rela- 
tionship of employer and employee; 
when the same directions, set forth in 
a written contract between the parties 
prior to the beginning of the work, 
would not alter the relationship of 
independent contractor. Furthermore, 


the uncertainty as to the nature of ~ 


the directions that would legally re- 
sult in assumption of control by the 
operator emphasizes the necessity of 
a. clear indemnity agreement in order 
that the liability of each party may be 
definite and certain. 


Contractual Insurance 


The usual drilling contract requires 
the contractor to carry some kind of 
insurance for the faithful perform- 
ance of his contract along with public 
liability and workmen’s compensation 
insurance. Following the decision by 
the Supreme Court in the case of 
Elliff v. Texon Drilling Company, 
146 Tex. 575, 210 S. W. (2d) 558, 
on March 3, 1948, some of the com- 
panies that have been handling in- 
surance for drilling contractors sud- 
denly decided that their rates were 
inadequate for the character of insur- 
ance covered by their policies. They 
represented to the Insurance Commis- 
sion of Texas that the Elliff case had 
created some new liabilities in con- 
nection with underground damage, 
and thereupon they asked for in- 
creases of all rates on underground 
damage and property loss, even 
though many of the risks included in 
their application were not even re- 
motely connected with the facts on 
which the Elliff case was decided. In 
the Elliff case the facts were that 
Texon Drilling Company was drilling 
a well on the lands owned by Elliff 
et al, in Nueces County, Texas, when 
a blowout occurred and thereupon 
the well caught fire and cratered. The 
cratering process and eruptions con- 
tinued until it spread to other wells 
which caught fire and burned and 
this loss went on for a period of near- 
ly 10 years, that is from November, 
1936 to June, 1946. It was claimed 
that Texon Drilling Company was 
negligent in failing to use drilling 
mud of sufficient weight in drilling its 
well and that such negligence was the 


proximate cause of the well blowi:.g 

out. The jury found in favor of te 
plaintiffs and judgment was render:-d 
in their favor for $148,548.19 for gas 
and distillate loss. The case was (e- 
fended, said the court, on the ground 
that under the “law of capture” there 
would be no liability for loss of gas 
and distillate that escaped from the 
premises. The court held, however, 
that the “law of capture” would not 
apply where oil or gas was permitted 
to escape through negligence and 
fixed the measure of recovery at the 
value of the gas and distillate lost. 


The insurance companies contended 
that they had heretofore depended 
upon the “law of capture” to protect 
them in case of this kind, and that 
this decision opened up a vast new 
field of liability that was either (1) 
not included in their policies, or (2) 
if so included, was not assumed 
knowingly. As a result they asked for 
increases in rates for all underground 
operations, including cleaning out. 
shooting, gun perforating, geophysi- 
cal work, and other underground op- 
erations, in addition to drilling. And 
for good measure, and perhaps be- 
cause they thought the time opportune 
therefor, they offered a substitute for 
the “hold harmless” clause in drilling 
contracts, which would relieve the in- 
surance companies from liability in 
event it could be established that the 
operator’s negligence may have con- 
tributed, even in the slightest degree. 
to the act that occasioned the loss. 


The operators and drilling contrac- 
tors joined their forces in what we 
felt to be the unwarranted demands 
of the insurance companies, and sev- 
eral hearings were had before the In- 
surance Commissioner. With the state- 
ment, or implication, of the insurance 
companies that prior to the decision 
in the Elliff case the “law of capture” 
precluded any liability for under- 
ground damage we took direct and 
vigorous issue. It has been the law 
in Texas for many years that one 
whose negligence causes underground 
damage to his neighbor’s property is 
liable therefor. Comanche Duke Oil 
Company v. Texas Pacific Coal and 
Oil Company, 298 S. W. 554 (decided 
in 1927); Peterson v. Grayce Oil 
Company (Tex. Civ. App.), 37 S. W. 
(2d) 267 (decided in 1931), affirmed 
128 Tex. 550, 98 S. W. (2d) 781. In 
these two cases adjoining landowners 
claimed underground damage to their 
properties through (1) negligence in 
shooting, and (2) negligence in the 
operation of vacuum pumps. In both 
case it was held that recovery could 
be had. The measure of damages. 
however, was not based on the amount 
of oil or gas which escaped by reason 


THE PETROLEUM ENGINEER, Reference Annual, 1950 








on © JS 





of such negligence, but rather on the 
decrease in the value of the property 
damaged. It will be seen, however, 
that in presenting evidence as to the 
decrease in value of the adjoining 
property the principal evidence in- 
troduced would be to show how much 
oil or gas had been lost by reason 
thereof. Under either rule there would 
be little difference in the amount of 
the damage finally assessed. There- 
fore, we took the posifion that these 
cases had placed the insurance com- 
panies upon absolute notice since 
1927 that they were liable for this 
character of underground damage. 

The result of our hearing before 
the Commission was not as satisfac- 
tory as we would have liked for it 
to have been, the final outcome being 
briefly as follows: (1) The applica- 
tion of the insurance companies was 
rejected in part, especially as to those 
operations that were not included in 
the Elliff case and which the Commis- 
sioner found to have been thereto- 
fore covered by the insurance com- 
panies with full knowledge of the 
nature of the risk. (2) The applica- 
tion for a new rate on underground 
damage by blowouts etc. was rejected 
and in lieu thereof the Commission 
made this risk subject to an “a” rate, 
that means that the rate in each policy 
of insurance written is to be deter- 
mined and approved by the Commis- 
sion on the basis of the actual facts 
of the case. No action was taken on 
the suggestion as to the “hold harm- 
less” clause. 


At the conclusion of the hearing 
before the Commissioner we thought 
that substantial relief had been af- 
forded against the demands of the in- 
surance companies, but the results 
have been disappointing. In the indi- 
vidual cases submitted for an “a” 
rate the insurance companies were 
granted nearly all they asked for in 
the original application. This is true, 
although the industry offered a mass 
of evidence to show that in compari- 
son to the number of wells drilled in 
the last fifteen years only a ridicul- 
ously small percentage of them ever 
had a blowout. The insurance com- 
panies offered no evidence to refute 
these facts. Also, we showed by un- 
contradicted evidence that the use of 
blow-out preventers and other im- 
proved methods, which have been put 
into practice during the last ten years 
—or since the Elliff well had its blow- 
out—has materially reduced the pos- 
sibility of such hazards. 


The insurance companies refused 
to recede from their demands, how- 
ever, basing their position entirely on 
the Elliff case—where the blowout 
occurred more than 13 years ago. 


(And | might say here that there has 
never been but one Elliff case and 
there will never be another.) 


During the hearing, the Commis- 
sioner expressed the opinion that the 
rates asked by the companies were 
excessive, but said also that the Com- 
mission would have to take into con- 
sideration the possibility that insur- 
ance might not be available unless the 


insurance companies were willing to’ 


accept the rates which the Commis- 
sion might find to be reasonable. 
Whether it was the threat the com- 
panies would refuse to write this 
character of insurance if they were 
denied the rates they demanded that 
induced the Commission to approve 
the high rates in the individual poli- 
cies submitted to it, we do not know. 
All we know is the insurance com- 
paniés got just about all they de- 
manded. 


The presentation of this matter to 
the Commission was handled by a 
special committee appointed by the 
Texas Mid-Continent Oil and Gas As- 
sociation. The committee included re- 
presentatives both of the operators 
and drilling contractors. On this com- 
mittee, as well as in other points of 
contact between operators and drill- 
ing contractors, we found we could 
work in perfect harmony and with a 
common purpose. If I were called 
upon to select the two most valuable 
members of the committee, I should 
have to name the two men who repre- 
sented the drilling contractors — 
Frank Lawshe and Will Morris. With 
their thorough knowledge of the prob- 
lems involved and their almost inex- 
haustible store of information, their 
services were invaluable in preparing, 
assembling, and presenting the evi- 
dence we placed before the Commis- 
sion. Mr. Morris himself took the 
stand and his testimony was as con- 
vincing and compelling as any I have 
ever heard in a proceeding or trial 
during all the years I have been prac- 
ticing law. 

It should be added that the com- 
mittee on insurance has not been dis- 
charged. The temporary setback we 
received has not caused us to give up 
the fight. We are still hopeful condi- 
tions may develop by which contrac- 
tual insurance may finally be secured 
at reasonable rates. 


Conclusion 


Drilling contractors and operators 
have one great fact in common, and 
that is that each will prosper only 
“so long as oil and gas, or either of 
them, is produced in paying quanti- 
ties.” Whether it is this urge of eco- 
nomic necessity, or the fact that there 
are so many swell guys in both groups 
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that has brought on the spirit of un- 
derstanding which now exists between 
them, I shall not undertake to say. 
I only know each group has a sym- 
pathetic interest and a thorough ap- 
preciation of the problems of the 
other group, and that this has brought 
about a real spirit of cooperation be- 
tween the two. That doesn’t mean that 
drilling agreements will not continue 
to be arm’s-length contracts, but it 
does assure that neither party will de- 
mand a form of contract it does not 
deem to be reasonable, nor will either 
of them insist upon an unreasonable 


interpretation of a reasonable con- 
tract. xe & 





30 make 


JENSEN RIGHT 





After doing something for 
30 years you either get good 
at it or go broke. 

Our customers aren’t 
given to a lot of conversa- 
tion but their actions speak 
louder than words: They 
seem to keep on buying 
Jensen Pumping Units year 
after year. Maybe it’s be- 
cause they like the colors we 
paint ’em. Maybe it’s be- 
cause we treat everyone fair 
and square—big or small. 
Maybe it’s because the unit 
cuts costs and earns them 
extra profits. 

Whatever it is we’re 
going to keep on doing it 
because the customer is al- 
ways RIGHT. 





BROTHERS MFG. CO. 


Coffeyville, Kansas, U. S. A. 


Export Office: 50 CHURCH STREET 
NEW YORK CITY 
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New Practices for Eliminating 


Accidents in Offshore Operations* 


J. B. GEORGE* 


Avr rue fifth annual Drilling Indus- 
try Safety Clinic in Dallas, Texas, al- 
most every hazard on a drilling rig was 
touched upon in one fashion or an- 
other by the engineers, insurance men, 
drillers, tool pushers, and contractors 
attending. All of these hazards dis- 
cussed here are present in offshore 
drilling and producing operations, but 
let’s attempt to bear in mind that in- 
stead of being present on several hun- 
dred thousand acres of good ole West 
Texas sand and caliche, they are look- 
ing down your throat every day in 
from 30 to 70 ft of water. It is one 
whale of a big difference—this 30 ft 
or so of water makes so far as drilling 
oil wells is concerned. It makes a 
mighty big difference in a lot of re- 
spects; namely, costs, profits, time, 
service, insurance premiums, and last 
but not least, your accident frequency, 
severity, and loss-ratio rates. 

It is an amusing thing how new ob- 
stacles in the drilling business can re- 
turn your thinking to the past. In 
1940, the height of the Illinois boom, 
| left Oklahoma with a crew to go to 
work up there. We were a young group 
of ruffians who were capable of hold- 
ing our own whether it came to mak- 
ing hole or taking care of ourselves 
in the Saturday night honky-tonk 
circles, Indians or no Indians. Shortly 
after arriving in Illinois and making 
a payday, we set our sights on break- 
ing into the Illinois social circles via 
the honky-tonk route. Shortly after ar- 
riving at the first joint our derrick 
man lowered the boom on one of the 
natives and was promptly ushered off 
to work for 60 days on one of the local 
civic sponsored pea farms, 

\fter cultivating the Illinois peas 
for some two months our derrick man 
returned to work, made another pay- 
day and accompanied the crew on an- 
other visit to the local social clubs. 
During the course of the evening, he 
became involved in an argument with 

;Presented at the fifth annual drilling in- 
lustry Safety Clinic of American Association 
f Oilwell Drilling Contractors, at the Baker 
Hotel, Dallas, Texas, June 15, 1950. 


*Safety director, The California Company, New 
Orleans, Louisiana. 
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another native and drew back to again 
lower the boom. Just at the ins‘ant of 
drawing back the sudden thought of 
the 60 days on the pea farm flashed 
through his mind, and with a great 
deal of reluctance, he shook his head 
and told his opponent that, “ I would 
give a cool $100 to have you just 15 
feet over the Oklahoma line.” Several 
times within the past two years, I have 
heard good experienced drillers say 
essentially the same thing about the 
particular hole they were trying to 
make offshore. 


Mental Strain 


If you will carefully analyze the con- 
ditions surrounding an offshore drill- 
ing rig you will find one of the best 
set-ups for accident occurrences that 
can be found anywhere in the drilling 
business. First of all, it is essential 
that the men work 12 hr in a limited 
area instead of the usual eight hours 
oil field tour, due to transportation 
difficulties. Several psychological stu- 
dies made in the past regarding fa- 
tigue have shown that fatigue occurs 
almost three times as rapidly during 
the last two hours of an eight hour 
day as was produced in the previous 
six hours, provided the work load was 
essentially the same. From this bit of 
statistical informaiton you can easily 
picture the situation where the tour 
consists of 12 hard hours instead of 
the normal eight. These 12-hr tours 
continue for a period of 14 straight 
days before the offshore employee 
takes a week off. In addition to the 12- 
hr day, the offshore roughneck and 
driller do not have available at their 
command the off-the-job diversions 
such as home life, picture shows, 
blonds, hobbies, and the various other 
types of entertainment that help a hard 
working man relax in preparation for 
the next day’s work. Instead of all the 
comforts of home the offshore em- 
ployee can only look forward to doing 
his own laundry and maybe get a few 
games of checkers or dominoes with 
some guy he has hustled iron with for 
the long, muddy, grimy 12 hr before. 


P 420.31 


In fact, some of these employees e::- 
gaged in offshore work become so 
thoroughly disgusted with being co:- 
stantly associated with the same faces 
for 14 straight days that it really pre- 
sents a problem. 

These things are pointed out to 
show the mental frame of mind that it 
is quite possible for these men to carry 
to their 12 strenuous hours of work. 
Every man here is well aware that a 
majority of alf accidents occurring on 
your drilling rigs today are the direct 
or indirect result of inattention or 
some bone-head stunt by a man who 
did not have his mind on the particu- 
lar job he was endeavoring to accom- 
plish. Whether you may or may not 
agree, I am convinced that a man’s 
frame of mind, how he thinks and 
acts, as well as his personality iraits 
and characteristics have essentially as 
much to do with our accident fre- 
quencies and insurance premiums to- 
day as all the guards, protective equip- 
ment, and safety rules that can be 
placed on a drilling rig. If this were 
not true, the National Safety Council 
would not annually attribute epproxi- 
mately 90 per cent of all industrial ac- 
cidents occurring due to acts of in- 
dividuals. 

To cope with the situation of get- 
ting roughnecks and drillers to work 
in the proper frame of mind to off- 
shore locations is not as easy as it 
might seem. There is not too much 
that you can do or furnish in the way 
of entertainment due to the fact that 
after 12 hr of hard work on direc- 
tional holes a man is ready for some 
groceries and his bunk. The three most 
essential necessities te the offshore 
employee morale are: 

1. Good food 

2. Clean, comfortable quariers 

3. Availability of diversified read- 

ing matter. 

Now that we have discussed the 
mental aspects concerning the job. 
let’s try to throw some light on the 
necessary physical qualifications. 


Physical Qualifications 

The physical qualifications of off- 
shore employees are also important. 
The hazard of getting from boat to boat 
or from boat to structure in high seas 
is one that requires a great deal of agil- 
ity, timing, and quickness on the part 
of the employee. This sort of maneu- 
vering is not for the big, fat, clumsy. 
slow thinking, and slow moving iv- 
dividual. Neither is it for the aged. 
crippled, or sickly. Never before in 
the history of the rotary rig has the 
physical attributes of the drillers and 
roughnecks been so much in demand. 
Swimming must be a prerequisite of 
gaing to work as employees are con- 
stantly in danger of falling overboard. 
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If they cannot swim well enough to 


keep afloat until a ring buoy or heav- | 


ing line is thrown, they will be car- 
ried under and chances are their 


bodies will never be recovered due to | 


the treacherous currents moving 
around most drilling structures. The 
same caution should be exercised by 
casing crews, cementers, acidizers, 


tool companies, and other service | 
firms sending men to offshore jobs. | 


They should send the best physically 
capable men in their respective organ- 
izations. Several accidents occurring 


in the Gulf of Mexico have been | 
sustained by service company em- | 


ployees who had absolutely no busi- 


ness being sent out there in the first | 


place, due to the fact that they were 
physically handicapped, too, old, or 
not physically capable of getting off 
of boats in rough weather. Letters 
should be written to service firms ask- 
ing their cooperation in this matter. 


Boats—Boats—Boats 


Again you can safely say that never | 


before in the history of the rotary rig 
has a drilling operation been so de- 


pendent upon a single thing as it is | 


upon boats servicing an offshore op- 
eration. If you are going to drill off- 
shore you might as well reconcile 


yourself to the fact that you are going | 
into the boat business in one way or | 
another. It is an expensive business | 


too, and one that can make for many 


accidents if proper precautions are not | 
taken from the beginning. To give you | 


an idea of how quick you can get into 
the boat business in a big way, let’s 
look at our own situation in the Cali- 
fornia Company. In April of 1948 we 
began rigging up for our first offshore 
venture, Today, a little over two years 


later, we are in the boat business to | 


the tune of three and one-half million 
dollars annually. If you drilling con- 
tractor safety and insurance men think 
you are not going to have to become 
marine safety engineers, you are only 
kidding yourselves as I was a year 
and a half ago. During 1949, 60 per 
cent of the disabling injuries occur- 
ring in our Gulf Coast division, where 
we have about 40,000 bbl daily pro- 
duction, were related or directly con- 
nected with boats or marine opera- 


tions. Twenty-two and one-half per | 


cent of all disabling accidents in our 


entire company were sustained from | 


the boat source during 1949. 


In dealing with licensed seamen, | 


engineers, and masters you are going 


to be associated with a group of in- | 


dividuals who, in the past, have been 
as iar removed from oil field drilling 
and producing operations as rough- 


necks have been from pink teas. Their | 


line of thinking is far different from 
an. you have ever come in contact 
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No Well Killing 
No Tubing Pulling 


No Packer Resetting | 


to cross over flow courses 
in two-zone production 








‘Selective Means 
ee” : 
One of 2 Chokes 


run in on a wire-line—under pres- 
sure—to seat in a landing nipple in 
the Otis Selective Cross-Over 
Packer which is installed as part of 
the string when tubing is run. The 
choke directs the fluids through in- 
ternal passages in the Selective 
Cross-Over Packer to flow through 
the tubing and tubing-casing an- 
nulus—paralleled or crossed over 
—whichever the operator desires. 
Thus flow courses can be quickly 
and easily controlled from the sur- 
face—simply by running in either the Regular-Flow or Cross-Over-Flow choke. 
Contact the Otis office nearest you for complete information on the Otis “selective” 
cross-over method for producing two-zone wells. You'll learn that the Otis “selective” 
method is many times’ less the cost of a single conventional tubing-pulling or 
packer-resetting job to cross over flow courses. No other cross-over equipment 
offers as many features and as wide a range of operating flexibility. 
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with before in the oil field. They speak 

an entirely different language from 

that of us oil people and whether you 
like it or not you are going to have to 
learn the difference between port and 
starboard if you are going to accom- 
plish anything from a safety stand- 
point with this group of men. My per- 
sonal suggestion for becoming an “old 
salt” in a hurry is as follows: 

|. Get a copy of Chapman’s Pilot- 
ing, Seamanship, and Small 

Boat Handling. 

Get a copy of Turpen and Mc- 

Ewen’s Merchant Marine Of- 

ficers Handbook, 

3. Aset of U.S. Coast Guard regu- 
lations, Nos. CG-169 and CG- 
170, covering vessel inspection 
and pilot rules. 

|. Enroll in the closest U. S. Power 
Squadron Coast Guard Auxil- 


NO 


iary Piloting School and begin ~ 


spending some nights with your 
new sailor friends aboard ship. 
They will be much more coop- 
erative and amazed at the way 
you have learned the difference 
between a scupper and a yawl, 
and you will be amazed at how 
much more attention they pay 
to the few safety suggestions 
that you are capable of making. 


When dealing with boats and boat 
personnel you can become associated 
with accident reports that have never 
been previously written into oil field 
annals in the past. Here is a sample of 
three reported in our company last 
year: 

|. Deckhand lost time from work 

because of infection caused from 

being bitten by a crab. 

2. Engineer lost time after his 
shoulder was dislocated from 
having nightmare in upper 
bunk. 

3. Combination cook and deckhand 
lost time resulting from infec- 
tion caused by stepping on a fish 
bone. It is a difficult problem to 
get these fellows to wear clothes, 
let alone shoes. 


in all your safety, personnel, and re- 
lated work with seamen in offshore op- 
erations, you must bear in mind that 
the Workmen’s Compensation policy 
written for their coverage is strictly 
optional with them. If they decide that 
the compensation benefits are not am- 
ple, they have the right to. sue person- 
ally in admiralty under the Jones Act 
in Federal Courts. If you are really 
trying to keep your loss ratio in line 
with your accident frequency and se- 
verity rates, this option of personal 
suit in the federal courts is one that 
will get you extremely interested in 
marine safety work if you are going 
to stay on the payroll, 


ww 
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When I first began roughnecking, 
an old timer told me that if I was smart 
I would get out of the oil field while 
I was still young. When I asked him, 
why, he told me that the drilling rig 
was fast being taken over by kinfolks 
and football players. If I could see 
this old timer today, it would be easy 
for me to tell him that the sailors have 
moved in along with the kinfolks and 
football players. 


Handling Materials 


After transporting drill pipe, cas- 
ing, mud, cement, and other bulky 
supplies out to an offshore structure, 
you are confronted with the hazard 
of getting them from a barge to the 
structure or tender. About the best pre- 
caution that can be taken in eliminat- 
ing this hazard is to observe your 
weather forecast exceedingly closely 
and anticipate your supply needs as 
far in advance as possible. We all 
know, however, that oil field people 
are not going to stand by and watch 
a $4000 a day rig stay shut down long 
waiting for pipe, cement, mud, and 
other supplies. During certain times 
of the year it is possible to go for days 
and not have under a four and one- 
half foot sea. In times like this, you 
simply have to make the best of the 
situation and take all the precautions 
possible. 

In removing tubing, casing, or drill 
pipe from a barge to structure or LST 
during fairly rough weather, you must 
have sufficient manpower to handle 
enough tag lines to keep the pipe un- 
der control as it is picked up by the 
winch and boom. In rough seas, it is 
often necessary that every man as- 
signed to the operation be called out 
to help with the heavy material han- 
dling. This involves a lot of overtime 
which is difficult to explain to man- 
agement, but to insure any degree of 
safety, the overtime is a must. The 
operation, as well as the snubbing and 
maintenance of these winches and 
booms by experienced personnel is 
mandatory if wholesale injury is to be 
averted. In not being too familiar 
with rigging operations in the begin- 
ning, we made the mistake of using 
6 by 19 wire rope which caused three 
accidents because the stiff line would 
not spool evenly on the winch drum. 
A change to 6 by 39 wire has elimi- 
nated this hazard without losing any 
appreciable safety factor in the stress 
of the line. 

It seems that I have discussed al- 
most everything relative to the hazards 
of offshore work except the drilling 
operation itself, but the greatest dif- 
ficulty encountered thus far has been 
the supply problem. This is quite nat- 
ural, since it is really the new phase 
of the business to all of us. 





Safety Precautions on Rig 

Due to the fact that most of this ta'k 
has been deyoted to everything but 
drilling does not mean that certa'n 
precautions are more necessary then 
they are on land. Your guard rails, 
for instance, must be higher and offer 
more protection than around the ordi- 
nary land substructure. The dravwy- 
works and rotary table are 46 ft above 
the water on most of our structures 
which will give you some idea of the 
seriousness of the guard rail proble. 
One really serious accident occurred 
due to a roughneck falling over a 42 
in, guard rail on the pipe rack. On 
future jobs, we are going to build a 
“Cyclone” fence for protection around 
both sides of the pipe rack. On the 
end where the pipe is brought from 
the tender, an 8-ft cyclone fence is to 
be installed horizontally to act as a 
net for any employee falling off the 
end of the pipe rack. 

Many other precautions must also 
be taken. Water should be going into 
the exhausts of all internal combus- 
tion gas engines or they should be 
equipped with a suitable water jacket 
to keep the exhaust cooled below the 
ignition temperature of gas and pe- 
troleum vapor. 

We have recently installed derrick 
safety slides by driving an additional 
piling about 200 ft out from the main 
structure. This presents a hazard, 
though, as a boat might run into the 
slide line at night and pull the derrick 
down. Some type of illuminating paint 
is needed to paint the last 50 ft of line. 

Your light plant, lights, and all elec- 
trical wiring should be of the approved 
type of electrical equipment. 

Our fire protection during drilling 
operations consists of water and CO. 
The static head at all fire outlets 
aboard the LST is 80 psi with an aux- 
iliary unit standing by, that can boost 
it up to 145 psi. Other than water, we 
utilize many portable hand CO, ex- 
tinguishers. After the rig has moved 
off, the producing equipment is pro- 
tected by an Ansul 150-A truck mount 
and two Ansul 30-lb dry powder ex- 
tinguishers. The 150-lb Ansuls are 
equipped with 100 ft of hose instead 
of the usual 50 ft. 

G. M. Kintz, U. S. Bureau of Mines, 
has been very cooperative in helping 
with his new 10-hr first aid training 
course. First aid training at offshore 
operations is more important than at 
any place I have ever seen in the oil 
fields. It is often very difficult to hold 
classes on schedule due to the work 
load. Kintz’s engineer was very co- 
operative in working with our super- 
vision and we were successful in hav- 
ing approximately 240 men complete 
the 10-hr course despite many ob- 
stacles, eee 
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Main operating units in Cymric field plant. Left to right are the absorber tower, deethanizer-reabsorber tower, still, 


product fractionator. 


The Cymric Absorption Plant* 





A unit of high LPG recovery is efficient when rich- 


ness of gas is increased by lowered reservoir pressure. 


F. H. LACY, JR.* and WARREN H. KRAFT’ 


D urine 1946, the Superior Oil Com- 
pany, Standard Oil Company of Cali- 
fornia, and Honolulu Oil Corporation 
concluded an agreement to install a 
joint gas-gathering system and a com- 
pressor plant in the Cymric oil field 
of California. The initial gas-gather- 
ing layout consisted of a 425-lb high 
pressure system and a 25-lb low pres- 


*Presented at the regular monthly meeting 
of California Matural Gasoline Association on 
November 8, 1949. 

1Gas engineer, Honolulu Oil Corporation. 

*Manager of gas and gasoline operations, 
Honolulu @il Corporation. 
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sure system. Compression of the low 
pressure gas was carried on in two 
stages, with a final discharge pressure 
of 425-lb. At a later date an interme- 
diate, or 125-lb gathering system, was 
installed. Honolulu Oil Corporation 
was designated as operator of the fa- 
cilities, and the operating agreement 
provided that an absorption plant 
would be built at a date when econom- 
ics warranted the investment. 


The high pressure gas-gathering 
system was put in operation in June 









1946, and the compressor plant and 
low pressure gas-gathering system be- 
gan handling gas in November 1946. 
Surplus gas above field fuel require- 
ments was delivered to the gas pur- 
chasing company after suppression of 
its dew point by cooling. 

During the latter part of 1947, as 
market conditions for LPG and nat- 
ural gasoline improved and better es~ 
timates of the future reserves and gas 
rates to be expected from the Cymric 
field became available, a study indi- 
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ALCOA ALUMINUM TUBING 


strong, corrosion 
resistant .... 


CUTS TUBING 
COSTS agy 


You can actually save as much as 40% 
on tubing costs when you switch to 
Alcoa Aluminum Coiled Tubing for in- 
strumentation—and get strong, easily 
workable tubing with superior corro- 
sion resistance. Resistant to sulfur com- 
pounds and other corrosive agents 
usually present in industrial atmos- 
pheres. Comes in lengths to 400 feet, 
or longer, in popular sizes. Alumi- 
num fittings available from nationally 
known manufacturers. 

Your supplier should have Alcoa 
Aluminum Tubing in stock. Or phone 
your nearby Alcoa sales office (55 loca- 
tions) or write ALUMINUM COMPANY 
OF AMERICA, 2170G Gulf Building, 
Pittsburgh 19, Pennsylvania. 





WRITE FOR FREE ILLUSTRATED BOOKLET 


Get Alcoa’s new, fully illustrated question and 
answer booklet about Alcoa Aluminum Tubing. It’s 
crammed with facts about this lower cost tubing for 
instrumentation lines; applications, physical and 
mechanical characteristics, other information. Free 
*... write for it today! 








ede. TUBING 


INGOT © SHEET & PLATE © SHAPES, ROLLED & EXTRUDED © WIRE © ROD © BAR © TUBING © PIPE © SAND, DIE & PERMANENT MOLD CASTINGS © FORGINGS © IMPACT EXTRUSIONS 
ELECTRICAL CONDUCTORS © SCREW MACHINE PRODUCTS © FABRICATED PRODUCTS © FASTENERS + FOIL © ALUMINUM PIGMENTS ¢ MAGNESIUM PRODUCTS 
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Application of a simple and 
extremely efficient process-flow 
to the special problem of a 
rapidly declining plant load, and 
careful attention to equipment 
selection, costs and layout, 
made the installation of a ‘“‘mar- 
ginal” gasoline plant in the 
Cymric field, California, an eco- 
nomically sound project. 











cated that a payout on an absorption 
plant was possible. Another, and prob- 
ably the biggest, contributing factor 
was the increased richness of the gas 
insured by declining reservoir pres- 
sure and a consequent shift in the 
ratio of low pressure to high pressure 
gas. The problem then, as in so many 
cases, became one of designing and 
constructing an absorption plant as 
rapidly and economically as possible. 

The approximate amount of capital 
ihat could be risked was agreed upon 
and as the cost of an absorption plant 
is recognized as being largely a func- 
tion of the total oil circulation rate, a 
study was made of a plant with 
limited oil circulation that would meet 
the following process requirements: 

1. Handle an initial high gas rate 
of lean gas through the absorber. 

2. Effect a maximum recovery of 
gasoline and liquefied petroleum gas 


when the gas load was reduced and 
the gas richness increased. 

3. Use a minimum of fuel gas, 
cooling water, and electricity. 

The basic study with its correlative 
analysis of various processing cycles 
proposed to meet the above plant re- 
quirements, consumed the remainder 
of 1947 and early part of 1948. In 
February 1948 a decision was reached 
to install a plant with the process 
cycle illustrated in the accompanying 
flow sheet. Design calculations indi- 
cated that the plant would: 

(1) Handle an initial gas load of 
35 to 40,000,000 cu ft per day of lean 

as. 

(2) Effect a maximum recovery of 
butanes plus and a relatively high re- 
covery of propane from 15,000,000 
cu ft per day of rich gas. 

(3) Be capable of recovering 85 
to 90 per cent of propanes from 15,- 
000,000 cu ft per day of rich gas with 
only minor additions to the initially 
installed equipment. 

(4) Retain at least 90 per cent of 
the propane recovered at the main 
absorber under any and all conditions 
of plant operation. 

(5) Be able to produce either spe- 
cification Butane-Propane mixture or 
propane as desired. 

(6) Meet the required economy 
on fuel, electricity, and water. 

Ground was broken for the plant in 
May 1948 and product streams first 
run to storage on November 11, 1948. 


View of compressor plant in Cymric field, California 
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General Plant Flow 

At the present time, due to declin- 
ing field pressure, all gas is gathered 
at either 25 or 125 lb. The compres- 
sor plant handling this gas consists of 
five gas engine driven units totaling 
2960 hp. All jacket-water cooling is 
done by radiators. After cooling and 
scrubbing, the rich gas passes through 
a single main absorber, and from there 
to sales, field fuel, etc. The rich oil 
from the main absorber is fed cold io 
a combination rich-oil rectifier and 
reabsorber. This unit is side heated by 
oil-to-oil interchange, and uses a vapor 
stream from the still reflux accumula- 
tor for rectification of the rich oil. The 
overhead vapors from this column are 
used for plant fuel. From the bottom 
of the combination rectifier and reab- 
sorber the rich-oil passes through a 
second oil-to-oil heat exchanger on its 
way to a single high-pressure strip- 
ping still. Heat is applied to the still 
by a re-circulation direct-fired side 
heater. Part of the still overhead is con- 
densed as a de-ethanized liquid prod- 
uct—with the remaining vapors being 
returned to the combination rectifier 
and reabsorber for rectification serv- 
ice. The resultant de-ethanized liquid 
product is fed to a single conventional 
fractionator. This column operates to- 
tally condensing, with an overhead 
product of specification LPG, and a 
gasoline kettle product. 

With this general plant flow in 
mind, we can consider some of the 
major units in greater detail. 

Main Absorber. The main ab- 
sorber is designed to operate at 425 
psig. It is equipped with 24 perforated 
plates specially designed to maintain 
high absorption efficiencies over a 
wide range of loading. Original oper- 
ating guarantees called for a total bu- 
tanes recovery of 60 per cent at a 
30,000 Mcf per day rich-gas rate when 
circulating 171 gpm of 180 molecular 
weight lean-oil at lean-oil and rich- 
gas temperatures of 80 F. Plant tests 
show this column exceeds its 30,000 
Mcf per day efficiency guarantee by a 
substantial margin. 

The column is equipped with a side 
draw-off tray that will be used for in- 
tercooling the absorber if and when 
it is desired to achieve propane re- 
coveries of the order of 85-90 per cent 
at the storage tanks, To achieve these 
high propane recoveries, the only ad- 
dition needed to the present plant 
equipment is the installation of a side- 
circulation pump and associated gas 
and oil chilling units. Propane absorp- 
tion recoveries of 93 + % at a 15,000 
Mcf per day rich-gas rate are antici- 
pated with present oil rates on chilling 
of the rich-gas and absorber side- 
circulation streams to 65 F. 
Combination Rectifier and Re- 
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absorber. The combination rectifier 
and reabsorber is designed to retain, 
under all conditions of absorber oper- 
ation and intake-gas volume and com- 
position, 90 plus per cent of the pro- 
pane content of the combined stream 
of rich-oil and compressor-plant con- 
densate while so deethanizing this 
stream that the resultant fractionator 
feed contains not over 214 per cent of 
ethane in its propane and lighter frac- 
tion. Design oil-circulation to the re- 
absorber was 35 gpm at a plant intake 
rate of 30,000 Mcf per day rich-gas— 
or 20 per cent of the main-absorber 
oil circulation. In actual operation, 
this per cent of reabsorber oil holds 
the ethane content of the propane and 
lighter fraction of the fractionator 
feed to between 1.5 and 2.0 per cent 
with propane retentions of 90 plus 
per cent. 

Side-heating of the rectifier is used 
in combination with the re-circulation 
of rectifying vapors between the still- 
product accumulator and the rectifier 
base. This avoids both the high final 
lean-oil temperatures associated with 
the conventional base-heated rectifier 
cycle and the employment of expen- 
sive secondary heat-exchange circuits 
for heat conservation. 

The rich oil from the absorber en- 
iers this unit cold at the top of the 
rectifying section. A_ recirculating 
side-stream is withdrawn from an in- 
termediate rectifier tray and pumped 
through a side-heating interchanger 
on the hot stripped lean-oil stream. 
Rectifying vapors from the still accu- 
mmulator are fed to the base of the unit. 
Control of the side-heater temperature 
is maintained by a temperature-actu- 
ated bypass valve en the hot lean-oil 
at the still-feed pre-heating inter- 
changer, while the volume of rectify- 
ing vapors is controlled by controlling 
the temperature in the still reflux ac- 
cumulator. 

By proper mutual adjustment of the 
rectifier temperature and rectifying 
vapor volume, it is possible to automat- 
ically control the ethane-propane ratio 
in the fractionator feed within close 
limits for wide and relatively rapid 
changes in intake-gas composition and 
volume such as experienced at certain 
times of the year at Cymric between 
a hot afternoon’s operation and the 
following cold early morning’s oper- 
ation. 

As in the main absorber, specially 
designed perforated plate trays are 
utilized in the combination rich-oil 
rectifier and reabsorber to attain high 
efficiencies over wide ranges of column 
loading. 

High Pressure Still. Because of 
the need.to return rectifying vapors 
from the stripping still accumulator 
back to the rich-oil rectifier. the strip- 
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TABLE 1. Main absorber operation. 





Test number 1 
a IE SE PSIG 393 
NN a sah Aedes va SMCF/day 37,612 
MII 5.80.53 coon seo ve o0e SMCF/day 35,800 
MAIER shoe sep css os cats Gal/day 285,137 
SC Ere oe ee Mol wt. 205 
ME ess cis uaiee's'@) So API 37.2 
Lean oil/rich ga3........... Gal/SMCF 7.60 
Lean oil temp.............. F 68 
Rich gas temp.............. F 81% 
Lean gas temp. F 81% 
Rich oil temp............ F 9344 
Rich comp...... Mol per cent 

x ' 130 0.14 
CO2 0.90 
Ci 87.87 
Co 5.62 
C3 2.76 
Z iC, 0.49 
nC. 1.07 
iCs 1.15 
Total 100.00 
ee eee Percent 
3 21.8 
iC4 55.4 
nC4 76.9 


* Estimated nC, absorption; test data showed 100 per cent. 
{ Anticipated 15,000 MCF/D operation without side cooling. 


2 3 4 St 
400 405 400 400 
33,592 28,934 15,000 
32,000 27,149 24,210 13,000 
249,900 254,574 311,760 310,000 
210 19 174 175 
36.8 38.7 39.9 39.9 
7.44 8.80 11.84 20.7 
70 62 70 70 
7 64 79 80 
85 76 80 82 
90 79 94 96 
0.12 ree ee. 
1.00 0.75 1.60 2.22 
87.61 87.36 86.84 81.88 
5,89 5.99 6.35, 7.31 
2.98 3.03 3.31 4.30 
0.46 0.52 0.54 0.75 
1.06 1.11 1.22 1.72 
0.88 1.17 1.14 1.82 
100.60 100.00 100.00 100.00 
23.3 33.7 44.4 80.0 
48.3 “1.1 88.1 99.0 
74.9 95.8 97.8* 99.0 








TABLE 2. Rectifier—reabsorber operation. 





Test number 
Pressure. ... 
I Sine Se choad a sis ansaid cared Sis .eis bine bs 4-5 
Log cole n'ai b's 5's oe virened. is 40,9. a 
eee ee 
Lean oil to re-absorber...............00.006: See 
Lean eil te re-absorber — per cent of lean oil to main absorber 
RII cocoa cc 2% sade ates Medes diene decieece 
IS Ss oka ow sccet-asdanesioaicecenen's 


OED ARTEL OES AA PAN ae ae 
os 5 kw cee Hbecieicwics te be epececsss 
Rich oil from rectifier bottom....................00--000e- 
er cisiy oes vino kines? nid cnoe sie 
ee a haa dsmmniene wens 
Propane in rectifier feed 

retained in liquid product... .... eee Sco ee 
Ethane in propane and lighter fraction of liquid product...... 
Lean oil from exchangers to coolers.......................-. 
Plant production 

_ ee er ee eae, 

EE RS nee ree ; 


* Calculated from plant balance. 


3 4 
PSIG 105 105 
SMCF/day 815 920 
F (ones 78 
Gal/day 254,574 311,760 
Gal/day 52,840 54,288 
es 20 17.2 
Gal/day 1,850* 3,190 

Liquid per cent 

Cr 0.14 0.18 
C2 0.75 0.51 
C3 3.00 1.63 
iC, 1.86 1.39 
nC, 6.46 3.59 
iCs. 87.79 92.70 
°F 79 94 
°F 107 118 
oF 175 173 
SMCF/day 2,065 2,520 
°F 135 132 
Percent 9h. 89.8 
Percent 1.42 2.06 
°F 124 133 
G.P.D. 20,283 18,695 
R.V.P. 24.6 20.3 
G.P.D. 15,470 18,625 
V.P. 128 118 
G.P.D. 35,753 37,320 








ping still at Cymric is operated at ap- 
proximately 115 psig. This vessel uses 
four separate tray designs. Exchanger 
preheated feed is introduced in the 
middle of the column. The partially 
stripped oil is withdrawn at a point 
several trays below the feed tray, 
pumped through the fired heater, and 
returned te the column. Stripping 
steam, side water-drawoffs, and cold 
reflux are employed in the conven- 
tional manner. Lean oil from the bot- 
tom flows under still pressure back 
through the still-feed heat exchanger, 
rectifier side-heater, and first stage 
water coolers—after which it is picked 
up by the lean-oil circulating pump, 
forced through a final water cooler 
and returned to the absorbers. 
Product Fractionator. In order 
to hold capital expenditure to a mini- 
mum, only one product fractionator 


was installed. This column is of con- 
ventional design with accessories ade- 
quate to produce either a butane-pro- 
pane LPG or commercial propane as 
an overhead product, and natural 
gasoline as a kettle product. 

Pumps. Lean oil and cooling water 
circulation duties constitute the main 
pumping loads for the plant, and these 
services are handled by gas-engine 
driven centrifugal pumps. 

The three pumps required respec: 
tively for side-circulation of rich-oil 
at the rich-oil rectifier, feeding recti- 
fier bottoms to the stripping still, and 
recycle of partially stripped oil 
through the still fired-heater, are op- 
erated in tandem by a single steam- 
turbine. The exhaust from this turbine 
is utilized for. reboiler service at the 
fractionator. By proper adjustment of 
its exhaust pressure, this turbine’s 





THE PETROLEUM ENGINEER, Reference Annual, | 950 


nameee mei aA 


~~ 





Straight-Line Absorption Chart 


CYMRIC ABSORPTION PLANT 
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FIG. 2. Results of four tests in a straight line chart plot. 


steam consumption can be closely bal- 
anced with the reboiler-steam require- 
ments of the fractionator. 

The fractionator feed service, and 
the reflux services for both the strip- 
ping still and fractionator, are handled 
by simplex steam pumps. The exhaust 
from these reciprocating units, to- 
gether with that of the boiler feed 
pump, supplies the stripping steam 
requirements of the still, which simul- 
taneously disposes of the lubricating- 
oil contamination of the exhaust steam 
from these reciprocating units. 

All water condensate from the strip- 
ping-still draw-offs and product-frac- 
tionator reboiler is collected and 
returned to the boiler-feed system. 
Available raw water is of bad quality, 
scarce, and expensive—hence the high 
degree of steam recovery thus achieved 
is of real monetary value at Cymric. 

Cooling System. An aerial cooler 
employing two separate engine-driven 
fans is utilized for removing the high 
temperature heat from the still over- 
head—with the lower temperature 
heat from this stream, together with 
that of the lean-oil and product frac- 
tionator streams being removed at a 


conventional atmospheric type cool- 
ing tower. This cooling system ar- 
rangement effects an appreciable sav- 
ing in expensive water consumption, 
and eliminates any high temperature 
stream being cooled in the cooling 
tower. 

A steel-plate water-basin was in- 
stalled on an elevated grade for the 
cooling tower for a further saving in 
over-all cooling system cost. 

Cooling tower water is treated with 
sulfuric acid for pH control, a com- 
mercial algicide (Moberg) for algae 
control, and with chromates (Orocol) 
to control corrosion. 

Boiler Plant. The plant is pro- 
vided with three second-hand 104 hp, 
250-hp oil-field type fire-box boilers. 
This boiler capacity is considerably 
in excess of that needed for the plant 
operation. In fact, one boiler can carry 
the plant load at well under normal 
rating, and one boiler constant fired 
as standby. The cost of the installed 
boiler plant was less than that of new 
equipment for the design load, thus 
providing a maximum of flexibility 
with a minimum of boiler mainte- 
nance. 
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An elevated atmospheric skimming 
tank is used for final separation of 
any light hydrocarbon contaminate of 
the reclaimed stripping-still and frac- 
tionator water condensate—with the 
streams from the stripping still draw- 
offs traversing coal-packed coagula- 
lors ahead of the skimming tank. 
Water from this skimming tank, plus 
treated make-up water, is introduced 
into a conventional atmospheric feed- 
water heater through which a very 
small “balancing” surplus of exhaust- 
steam from the plant is routed. 

All boiler make-up water is Per- 
mutit treated. 

General Plant Arrangement. To 
keep capital investment as low as pos- 
sible, serious attention was paid to 
the design of an equipment layout 
that would be “compact, but not con- 
gested.” This was achieved by the use 
of overhead pipe-ways, location of the 
tandem-operated pumps adjacent to 
and between the respective columns 
they served, use of three control 
boards placed on a common operating 
aisle adjacent to their respective 
units, and placement of interchangers 
and pumps on both sides of this com 
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mon operating aisle, rather than using 
a single-sided operating front. Finally, 
though fire hazard requirements made 
it necessary to place the fired-heater 
and boilers some little distance from 
the operating plant area, the water 
treaters, feed-water heater, and boiler 
feed-water pumps were situated con- 
siderably closer to the main process- 
ing area. 

Operator protection from the 
weather, and housing for an operator’s 


desk and storage of operating and in- - 


strument records, is provided for by 
a small control-house fronting on the 
main operating aisle and centrally lo- 
cated thereto. This house has three 
sides of glass, which allows the oper- 
ator to observe the main equipment 
while seated at his desk. 

Product Storage and Disposal. 
Forty-two thousand gal of storage are 
provided for LPG and 38,000 gal for 
natural gasoline. A truck loading rack 
with both LPG and gasoline loading 
facilities is provided, as well as facil- 
ities for shipping gasoline by pipe 
line. 

Operation. Two complete tests have 
been run on the Cymric plant, and 
two other tests on the absorption sec- 
tion only. Pertinent absorber data 
from these tests are shown in Table 1. 
These tests cover a variation in gas 
load from some 37,500 Mcf per day 
to 26,300 Mcf per day, with a corres- 
ponding variation in oil-gas ratio from 
some 7.60 gal per Mcf to 11.84 gal 
per Mcf. Propane absorption has 
ranged from 21.8 per cent to 44.4 per 
cent, and iso-butane absorption from 
48.3 per cent to 88.1 per cent. An ad- 


ditional column has been added to 
Table 1 for comparison of the test op- 
erations with the expected operation 
when the rich-gas intake rate is re- 
duced to 15,000 Mcf per day and the 


‘ propane absorption increased to some 


80 per cent. 
Fig. 2 presents the results of the 


. four plant tests in a straight-line chart 


plot. The steepness of the respective 
operating lines and their small differ- 
ences in slope (representing an “ex- 
traction efficiency” spread of only 5 
per cent in 61-66 per cent indicate 
excellent absorption performance for 
a wide range of loading. In fact, these 
particular tests represent the highest 
400-500-lb absorber efficiencies of 
which we have any record. 

Performance of the rectifier-reab- 
sorber unit determined from the plant 
tests is shown in Table 2. High pro- 
pane retentions, coupled with essen- 
tially complete deethanization, and at 
the same time maintaining a low tem- 
perature on the lean oil to the coolers, 
is the interesting feature of this table. 
Incidentally, as you can see, the “17.2 
per cent” of lean oil over the reab- 
sorber on the second test was a little 
too low to effect a full 90 per cent re- 
covery of propane. 

The stripping still operates with a 
heater outlet temperature of approxi- 
mately 550 F. Plant lean oil is main- 
tained at 180-185 molecular weight, 
with a 340 F Engler initial and a 30-40 
millimeter water vapor pressure. Aver- 
age gasoline end-point is 285 F, with 
an average 90 per cent point of 225 F. 
Fourteen-tenths pounds of stripping 
steam are used per gallon of lean oil. 











TABLE 3. Absorption plant fuel and 
steam consumption. 





Test 4 


Fuel gas Test 3 
Oil heater, SMCF/day........ 224 320 
Boilers, SMCF/day........... 208 177 
Gas engines, SMCF/day...... 35 37 
Total SMCF/day.......... 467 534 
Per cent of rich gasrate....... 1.61 2.03 
Net heating value Btu/cu ft. . 1140 1146 
Steam 
Process steam, lb/hr. . ha 4320 5000 
Gaso. shipping pump, lb/hr.... 450 450 
Total boiler load, lb/hr...... 4770 5450 








Less steam could be used and has been 
used in the past, however, as all steam 
used is exhaust steam, and as the water 
condensate from the steam is recov- 
ered and returned to the boilers, no 
effort has been made to reduce the 
still steam consumption to a minimum. 

The exceptionally low consumption 
of fuel by the units incorporated in 
this plant. is aptly illustrated in Table 
3. The total water circulated at the at- 
mospheric water cooling tower aver- 
ages 1300 gal per minute. Electric 
energy is purchased for plant lighting 
and to drive the LPG and standby 
shipping pumps only. 

The Cymric plant performs smooth- 
ly and efficiently, and has fully met all 
our expectations. The plant was engi- 
neered and constructed by J. B. Gill 
Company and Edw. G. Ragatz, Asso- 
ciate, with the process design being 
furnished by Edw. G. Ragatz and the 
detailed engineering and construction 
performed by J. B. Gill Company. 
Patent applications are applied for by 
Edw. G. Ragatz on the rich-oil rectifier 
cycle employed. eee 


Chemical Plants on the Gulf Coast 


A\r teast 50 chemical plants, all of 
which employ as raw materials or as 
intermediates various products from 
the petroleum and natural gas indus- 
tries, are operating or are building to 
operate on the Texas-Louisiana Gulf 
Coast, according to the most recent in- 
formation available. The tremendous 
developments along these lines, by all 
odds the greatest chemical develop- 
ment this country or the world has 
ever seen, are traceable to a large 
number of factors, chief of which are 
the huge quantities of raw materials 
and/or intermediates available from 
these basic industries that have been 
developing along that coast during the 
last 30 years. 

By common consent, the area known 
as the Gulf Coast area is defined as the 
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belt from Lake Charles, Louisiana, on 
the east, and extending to Brownsville, 
Texas, immediately across the Rio 
Grande River from Old Mexico, and 
extending roughly 100 miles inland. 
Within this area are a great number 
of Firsts; first in the production of 
synthetic rubber, as witness the syn- 
thetic rubber, and the butadiene and 
styrene plants, at Port Neches, Texas; 
Neches Butane Products Company, 
largest producers of butadiene in the 
world; Cities Service Refining Com- 
pany, Lake Charles, butadiene; Fire- 
stone Tire and Rubber Company, 
Lake Charles synthetic rubber, and 
General Tire and Rubber, Baytown, 
in Connection with Humble’s buta- 
diene and styrene production. B. F. 
Goodrich, pioneer in synthetic rub- 


ber, for example Hycar, which was 
coming on the market as an independ- 
ent product not associated with the 
Federal Government in 1940-41, has 
a branch company at Port Neches; 
similarly, Goodyear Synthetic Rubber 
Corporation is situated in the Hous- 
ton area, for obvious purposes. 
Among the more recent installations 
is that of Jefferson Chemical Com- 
pany at Port Neches, a community in- 
terest of The Texas Company, with a 
combined refining plant total capacity 
of nearly 200,000 bbl of crude per day 
at Port Neches and at Port Arthur. a 
few miles away, near enough that 
plant cooling and processing water is 
sent in open conduits from the one 
plant to the other, ‘cross country on 
the marshy, flat land where three 
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This is not a part of a ship or 
marine vessel, nor the nose of a huge torpedo. It is a section of a 
55 foot diameter oil refining unit. It is being built in our plant 


where a large variety of similar equipment is built each year as 


regular products of this plant. Note the true shape and the accurate 


fits. Because of our vast facilities and long experience no job is too 


large and “what we build we build good.” 


Su 


SHIPBUILDING & DRY DOCK COMPANY 


ON THE DELAWARE (SINCE 1916) CHESTER, PENNA. 
25 BROADWAY e«- NEW YORK CITY 
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inches elevation constitutes a Heights, 
in suburban terms. . 

Among non-rubber organizations 
are Monsanto Chemical Company, 
makers of organic chemicals with hy- 
drocarbons as raw materials, which 
was a victim of the terrible industrial 
explosion that occurred in the 1940s. 
Monsanto’s new plant was demolished 
with great loss of life, only to rise 
from its ashes and rubble to become 
again one of the greatest of the South- 
west’s chemical manufacturers. Most 
of these companies are adjuncts to re- 
fineries, where large quantities of raw 
hydrocarbons, especially the highly 
reactive olefins, are available from 
cracking units, etc., for purchase. 
They are then converted to all types 
of important chemicals, from which 
are manufactured the greatest list of 
industrial and commercial products 
ever known to man. 

The pioneers in all this assembly 
of chemical manufacturing capacity 
must not be overlooked. These include 
among many others The Celanese Cor- 
poration, at Bishop, vicinity of Cor- 
pus Christi and the world-famous 
King Cattle Ranch, making aldehydes, 
alcohols, ketones, and other oxygen- 
ated organic chemicals, “breaking 
trail” on many of the serious prob- 
lems in that extensive and rapidly 
growing field. Shell Chemical Com- 
pany at Deer Park (Houston Ship 
Channel area) was the first to man- 
ufacture synthetic glycerin from ole- 
finic gases such as propylene, by a 
process still the wonder of the manu- 
facturing chemists. Carbide and Car- 


bon Chemicals moved in next door to 
Pan American Refining at Texas City, 
and began making a host of the oxy- 
genated organics for which that com- 
pany is justly famous. DuPont needed 
a plant for making “nylon salt” base 
for Milady’s stockings, swim suits, 
and numberless other products, so it 
went to Orange, long-time center for 
gas, petroleum, and forest products, 
and is now making more nylon base 
material there than is made at any 
point in the world. 

Allyl alcohol is one of the “Stormy 
petrels” of the chemical manufactur- 
ing world, and not until Shell worked 
out its synthesis along with that of 
glycerin could its production be de- 
pended on. Now it may be had for any 
chemical purpose. 

The list of Gulf Coast-manufactured 
chemicals is as wide as the organic 
chemical industry: “Carbon tet.” 
available from Dow at Freeport, home 
of the sulfur industry; butyl alcohols, 
from Celanese at Bishop; benzene, 
toluene, other aromatics from Humble 
at Houston, Magnolia at Beaumont, 
and from several other plants if and 
when needed for industrial or mili- 
tary purposes. Diethylene glycol, 
which is used as an antifreeze in huge 
quantities and as a chemical interme- 
diate for dyes, solvents, plastics, 
comes from Carbide, Dow, and Jeffer- 
son Chemical. Even drying oils, that 
field reserved since the beginning of 
time for the plant and animal oil 
kingdom, are produced in industrial 
quantities by, not a castor bean or 
flaxseed unit, but by Pan American 


Refining at Texas City. 

Shell, Carbide, Celanese, and many 
others make butyl alcohols without 
waiting for the vagaries of the First 
World War ferment principle; make 
“grain” or “drinking” alcohol that 
never had the slightest relationship to 
wheat, corn, rye, barley, or brewer’s 
yeast, more pure than the fermenia- 
tion process can possibly produce. 

More recently other lines are be:ng 
extended to this Gulf Coast region. 
Lubrizol Corporation, in spite of its 
lugubrious name, one of the greaiest 
suppliers of additives and similar 
agents for the petroleum and chem- 
ical industries, has bought a plant site 
on the Houston ship channel where it 
is understood the company expects to 
manufacture its primary products in 
an area near the producers of its raw 
materials and the consumers of its fin- 
ished products. General Aniline and 
Film Corporation, world-known for 
its production of photographic chem- 
icals and equipment, and for chemi- 
cals in general, is understood to have 
completed an intensive survey of the 
Gulf Coast’s possibilities as a manuv- 
facturing site, and has plans for future 
expansion when conditions make such 
action feasible. 

Below is presented a list of the vari- 
ous chemical companies and _ their 
locations, to show how this phenome- 
nal growth has extended. In a later 
issue of The Petroleum Engineer a 
more detailed survey of all these activ- 
ities will be made and reported, to 
give a more comprehensive view of 
these all-important developments. * * 








Company Name Location 


Air Reduction Magnolia, Houston—Oxygen, et al 


Main Products 


Company Name 


Location Main Products 





Aluminum Co. of America, Port Lavaca—All metal, etc. 

American Smelting and Refining, Corpus Christi—Steel, metals 

Armour Fertilizer Works, Houston—Plant fertilizers 

Best Fertilizers, Houston—Plant fertilizers 

Carbide and Carbon Chemicals, Texas City—Oxygenated organic 
chemicals 

Carthage Hydrocol, Inc., Brownsville—Synthetic fuels, hydrocarbons 

Celanese Corporation, Bishop—Oxygenated organic chemicals 

Champion Paper and Fiber, Pasadena (Houston) — Paper and 
products 

Cities Service Refining, Lake Charles, Louisiana—Butadiene, etc. 

Clorox Chemical Company, Houston—Chlorinated organic chemicals 

Columbian Carbon Company, Corpus Christi—Carbon and chemical 
products 

Consolidated Chemical Industries, Houston— Ammonium sulfate, 
fertilizers 

Crosby Chemicals, De Ridder, Louisiana—Camphene, dipentene, etc. 
(forest products) 

Diamond Alkali, Pasadena (Houston) — Organic and inorganic 
chemicals 

Doug:as Sulfur, Houston—Sulfur 

Dow Chemical, Freeport—Oxygenated organics 

E. I. duPont de Nemours, Orange, LaPorte, Victoria—Nylon salt, etc. 

Finney Chemical Company, Houston—Ammonium sulfate 

Firestone Tire and Rubber, Lake Charles—Synthetic rubber 

General Tire and Rubber, Lake Charles—Synthetic rubber 

B. F. Goodrich Chemical, Port Neches—Synthetic rubber 

Goodyear Synthetic Rubber, Houston—Synthetic rubber 

Great Lakes Carbon, Port Arthur—Carbon and products 


Houston Oxygen, Houston — Oxygen, hydrocarbon products, air 
products 

Humble Oil and Refining, Baytown—Aromatics, butadiene, styrene 

Jefferson Chemical, Port Neches—Organic chemicals 

Kelly, Weber and Co., Inc., Lake Charles—F ertilizers 

Linde Air Products, Houston—Air products 

Liquid Carbonic, Houston—Carbon dioxide, air products 

McCarthy Chemical, Houston and Winni ganic chemicals 

Mathieson Chemical, Beaumont, Lake Charles, Houston, Port Arthur 
—Organic and inorganic chemicals 

Merichem Company, Houston—Petroleum waxes, etc. 

Monsanto Chemical, Texas City—Organic chemicals 

National Cylinder Gas, Houston—Oxygen, air products 

Natural Gas Odorizing, Houston—Odorants 

Neches Butane Products, Port Neches—Butadiene 

Nyotex Chemicals, Inc., Houston—AlIClz, HF, ete. 

Pan American Refining Corporation, Texas City—Aromatics, solvents 

Phillips Chemical Company, Pasadena—Organic chemicals, solvents 

Pontiac Refining, Corpus Christi—Ethylene oxide, glycol, butadiene, 
etc. 

Rohm and Hass, Pasadena—Organic chemicals 

Sheffield Steel, Houston—Pig iron, steel, etc. 

Shell Chemical, Houston—Allyl alcohol, glycerin, organics 

— Alkali, Corpus Christi, Lake Charles—Inorganic chemicals, 
acids 

Stauffer Chemical, Freeport—Sulfur, inorganics 

Tin Processing Corp., Texas City—Tin metal 

United Carbon, Corpus Christi, et al—Carbon black, etc. 

Visco Products, Sugarland 

Projected: 
The Lubrizol Corp., Houston—Lubricant and specialty additives 
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Tue use of cylindrical furnaces for 
the petroleum industry has steadily in- 
creased since the advent of the origin- 
al cylindrical furnace invented by 
Luis de Florez for refinery use some 
20 years ago. This type of furnace 
has not been universally adopted pri- 
marily because of a lack of under- 
standing of its capabilities, The pur- 
poses of this paper are to describe, 
discuss, show designs of, provide, and 
comment upon some operating data 
for de Florez, Iso-Flow, and other 
types of cylindrical furnaces. 
*Contributed by the Fuels Division for pre- 
Sentation. at the semi-annual meeting, San 
Francisco, California, June 27-80, 1949, of The 


erican Soeiety of Mechanical Engineers. 
tn nelair Refining Company, East Chicago, 
inna. 
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Cylindrical Furnaces for Petroleum Industry” 


A Survey of the Art of Furnace Designing, Beginning With the de Florez 
Furnace, Showing the Details and Adaptability of Different Designs. 


O. F. CAMPBELLT 


The cylindrical furnace has been 
used successfully for many duties such 
as; crude topping, heating reduced 
crude for vacuum distillation to pro- 
duce lubricating oils and asphalts, 
light and heavy gas oil cracking, evap- 
orating and superheating oil vapors 
for the Houdry and Thermafor cata- 
lytic cracking processes, heating up 
lube oils and solvents, heating up fat 
absorption oil for casing head produc- 
tion, high and low temperatures steam 
superheating, heating asphalts for 
loading purposes, domestic heating, 
and many other uses. The future offers 
still greater development and use be- 
cause of its simplicity and flexibility 
it can be built for substantially any 





FIG. 2. Arrangement of six furnaces. 
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duty, capacity, or efliciency. Its in- 
herent design automatically provides 
more uniform heat distribution and 
absorption, low maintenance, low ra- 
diation losses, ease of cleaning, adapt- 
ability to heat recovery equipment, 
less fire hazards, low space require- 
ments, etc. 


de Florez Furnaces 

The original design of the de Florez 
furnace was a down fired furnace 
using cold forced air, a bottom con- 
vection section, and a natural draft 
stack. Subsequent installations had 
many variations. Some were fired 
from the bottom with a convection 
section on top using neither forced nor 
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air heater on top and a forced draft 
fan. The up fired units normally do 
not have induced draft. The air heaters 
on top of the furnace were of the 
tubular or plate type to keep the draft 
drop to a minimum to avoid the use 
of a taller stack. The furnace and air 
heater being vertical, produced a 
chimney effect and actually served as 
part of the stack. 

The most successful design of the de 
lorez furnace that has been adopted 
as a standard by the Sinclair Refining 
Company consists of (a) top-sup- 
ported all radiant oil heating tubes, 
(b) down firing with a specially de- 
signed directional flame control oil 
and gas fired burner, (c) a vertical 
refractory cone resting on the bottom 
of the furnace for better heat distribu- 
tion, (d) a high temperature Ljung- 
strom air heater, (e) forced and in- 
duced draft fans motor driven, (f) 
and a short self supporting steel stack. 
This general design is shown by Fig. 
|. An arrangement of six of the fur- 
naces is shown by Fig. 2. 

The details of the directional flame 
control burner is shown by Fig. 3. 
This burner handles refinery gas, nat- 
ural gas, or heavy fuel oil. The fuel 
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burner can provide the desired flame 
shape. The flame can be made long 
and narrow or short and bushy as de- 
sired. The flame can be shifted from 
one side of the furnace to the other to 
give the desired heating curve. Each 
7-in. ID air nozzle can supply enough 
air to burn between 10 and 15 million 
Btu per hour. 


The de Florez furnace is very adapt- 
able to substantially any design of 
tube arrangement to give the required 
oil heating curve. For thermal crack- 
ing it is desirous to heat the oil to be 
cracked up to a predetermined tem- 
perature as rapidly as possible and 
then to maintain that temperature to 
provide time for cracking or “soaking 
time.” For crude topping and for heat- 
ing up gas oil for catalytic cracking 
it is advantageous to have very little 
or no thermal cracking and no “soak- 
ing time.” In practically all oil heat- 
ing problems by direct firing the oil 
is forced through the tubes, in series 
flow although there may be several 
heating coils in the same furnace. To 
reduce pressure drop through the oil 
heating coils it is sometimes desirable 
to parallel the oil tubes at points of 
vaporization. This is normally done 


then superheat the vapors. Where 
only superheating of vapors is re- 
quired there may be several parallel 
flows. 


To simply illustrate the flexibility 
of design of the cylindrical furnace 
no more than two heating coils in any 
one furnace has been selected. In the 
majority of cases the two coil furnace 
is the more practical from design and 
operating standpoints. Figs. 4 through 
9 illustrate some of the tube arrange- 
ments used and the effect of these tube 
arrangements on the shape of the oil 
heating curve. From the various tube 
arrangements and oil heating curves 
it can readily be seen that almost any 
kind of a heating curve can be ob- 
tained. If a furnace is designed for 
thermal cracking it is only necessary 
to reverse the oil flow to provide an 
oil heating furnace without cracking. 

Fig. 4 shows a split coil arrange- 
ment with the oil entering the back 
row of tubes going half the distance 
around the furnace, and then return- 
ing through the inside row of tubes. 
All return bends are the same size to 
simplify design. This furnace was de- 
signed for heating with no “soaking 
time” and the slope of the heating 
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curve shows no “soaking time.” The 
split coil was used to reduce pressure 
drop. 

Fig. 5 shows another type of split 
coil staggered flow arrangement for 
oil heating duty only. The oil heating 
curve of this furnace was very desir- 
able because reduced crude of high 
salt content was being heated and the 
salt deposited near the inlet tubes. The 
flame control burner was used to di- 
rect the flame toward the outlet tubes. 
Tube shields were also used to keep 
too much heat from being absorbed 
by the first four inlet tubes where the 
salt deposited. 


Fig. 6 shows a split coil staggered 
flow for a vacuum distillation unit. 
The tube arrangement is the same gen- 
eral layout as shown by Fig. 5 except 
that the last two tubes in each coil are 
parallel flow. Any number of tubes 
can be paralleled or tube size may be 
increased. 


Fig. 7 shows tube arrangement for 
a thermal cracking still. The oil flows 
through a split coil concentric reverse 
flow with the oil passing through the 
inside row first to be heated up 
to cracking temperature and then 
through the second and back row for 
“soaking.” The shape of the heating 
curve indicates satisfactory condi- 
tions for cracking. The split coil pro- 
vides lower pressure drop and satis- 
factory soaking time. 

Vig. 8 shows a single coil of the 
stsgered concentric reverse flow tube 
layout for a thermal cracking still. 
This tube arrangement provides very 
good thermal cracking conditions but 

as a rather high pressure drop and 


as 
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With proper understanding of tube 
arrangement, flame control for heat 
distribution, refractory cone for bet- 
ter heat distribution, and highly pre- 
heated air, the de Florez furnace can be 
designed for maximum heat absorp- 
tion and maximum efficiency regard- 
less of inlet 6r outlet oil temperatures. 
for any kind of service required. 
Maintenance is low because the oil 
tubes protect the refractory walls. 
Some of these de Florez furnaces have 
been in use about 20 years without 
any maintenance to refractory walls 
or top arch. Burner throats are the 
major source of repairs and some of 
the throats are over 10 years old with- 


represents somewhat of an extreme 
soaking condition not necessarily re- 
quired. 

Fig. 9 shows a thermal cracking still 
equipped with two furnaces. The first 
furnace is a split staggered flow for 
heating the oil up to a cracking tem- 
perature. The second furnace is a split 
coil concentric reverse flow for soak- 
ing. The heating curve of this ar- 
rangement can be held almost any 
shape to provide optimum cracking. 
The two furnace hook-up has the dis- 
advantage of higher first cost per 
barrel of gasoline produced as com- 
pared with two furnaces each de- 
signed as shown by Fig. 7. 
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out replacing. Some thermal crack- 
ing furnaces have operated as high 
as 120,000 hours without tube replace- 
ment attributed largely to proper heat 
distribution and tube arrangement. 


The de Florez furnace has some de- 
sirable features worthy of note. Cast 
iron tube sheets are used to support 
the tubes and no expensive alloys are 
used for tube supports. With sus- 
pended tubes any tube warpage is of 
no consequence. When burning fuel 
oil with high ash content the accumu- 
lation of ash does not plug off any flue 
gas passage or appear to interfere with 
heat transfer. As the ash builds up on 
the tubes the furnace temperature in- 
creases enough to obtain the desired 
heat transfer without materially in- 
ena the flue gas temperatures en- 
tering the air heater. All tubes may be 
readily observed. Thermocouples may 
be placed at will and hot tubes can 
be seen with ease. 











FIG. 10. Iso-Flow furnace, 
radiant type. 


The use of the Ljungstrom type air 
heater makes it uneconomical to in- 
stall a convection section as the air 
heater can do a better job cheaper. 
The air heater can be designed to give 
an efficiency equivalent to boiler prac- 


tice if desired. The use of highly pre- 


heated air increases the rate of heat 
absorption by radiation and will de- 
crease the number of oil tubes re- 
quired for a definite quantity of heat 
to be absorbed. In some cases where 
expensive alloy tubes are required for 
sour crude operations the reduction 
in cost of oil tubes will offset cost of an 
air heater, fans, and their drivers. 


The fuel prices of the past few years 
have compelled the installation of air 
heaters or other heat recovery equip- 
ment to reduce fuel costs in order to 
survive in this highly competitive 
field. Table No. 1 gives some standard 
every day operating data for the de 
Florez furnaces as outlined above. 


lso-Flow Furnaces 


There are, of course, other types of 
cylindrical furnaces than the de Flo- 
rez that must be considered. The Is«- 
Flow furnace furnished by the Petr«- 
Chem Development Company deservis 
consideration and credit for their i:- 
genious designs and applications. ‘t 
is the writer’s opinion that the Iso- 
Flow furnace has its greatest applica- 
tion — the mean oil temperature 
is low. There are no reasons, however. 
why the Iso-Flow furnace cannot he 
designed with an air heater to give 


high efficiency and in many instances 


this is done. 

The Iso-Flow furnace is a very pop- 
ular furnace because it is very adapt- 
able for small heat duties, it is cheap 
to build, requires small ground space. 
has high efficiency for low tempera- 
ture stocks without the use of an air 
heater or fans. The Iso-Flow furnace 
has many applications. It fills the 
needs of the smaller furnace field very 
efficiently and economically. The writ- 
er is only familiar and experienced 
with Iso-Flow furnaces up to 50 mil- 
lion Btu absorption per hour and for 
relatively low average temperature of 
stocks to be heated, and shall limit 
illustrations and comments accord- 
ingly. 

The original design of the “Iso- 
Flow” furnace consisted of a vertical 
cylindrical shell of light sheet steel. 
insulated on the inside with insulating 
refractory or firebrick. Inside this in- 
sulated cylinder bottom supported ver- 
tical tubes were erected adjacent to 
the wall, burners were placed in a 
refractory welt placed at the bottom 
of the furnace, and the flue gases 
escaped through a stack placed on top 
of the furnace. There was suspended 
in the top of the furnace an alloy or 
refractory cone to radiate heat to the 
upper part of the tubes and to deflect 
the flue gases around the tubes in the 
upper part of the furnace. There have 








TABLE 1. Summary of operating data on de Florez heaters. 





Combustion data survey 1 2 
ER ENR Rare eee R.Gas_ R. Ga 
Per ceat CJ2 entering air heater........... 10.4 10.4 
Per cent J e itering air heater............. 4.6 4.8 
Per cent Ca leaving air heater............ 9.0 9.0 
Per cent Je leaving air heater.............. 6.9 6.8 
Fiue-gas te nperature (F) into air heater..... 1200 1117 
Flue-gas tem erature (F) out of air heater... 450 521 
\ir te.nperature (F) into air heater......... 80 
Air te.nparature (F) out of air heater....... 810 796 
Air pressure ("clgO) into air heater......... 4.9 5. 
Air pressure ("rlaJ) out of air heater........ 3.5 3. 
Fiue-gas draft ("caJ) into air heater........ 85 
iue-zas drait ("Ha )) out of air neater..... . 2 - 2 
Per cent air heater leakage'............... 15.6 15. 
Rea rrr 19.2 19. 
a ROE ee rer eee 75.8 75. 
M.llion 3tu liberated in farnace............ 49.5 52 
M ili'm 3tu ao30roed oy oil tuses.......... 37.52 33. 
Length of elements. .......0: Skene mow neee 27° 37” 





Per cent leakage = ; 
(% COs out) 
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(% COs in) — (% COs out) _ 


2 Per cent efficiency = 100% — (stack loss + 5% radiation loss). 


3 4 5 6 7 8 9 10 11 12 13 14 15 16 
R.Gas R.Gas R.Gas R.Gas R.Gas R.Gas R.Gas R.Gas R.Gas R.Gas R.Gas R.Gas R.Gas_ R. Gas 
ne | 6 COS CUA CA SC: OS CCU US aS. CR Ot. 
3.2 2.0 4.1 3.1 3:3 1.8 3.4 3.8 2.0 3.5 1.5 2.5 9 2.3 
9.1 10.0 8.8 9.6 9.2 9.8 8.7 9.0 10.0 9.0 10.3 10.1 10.8 9.9 
5.9 5.3 6.4 ).8 5.9 5.8 7.4 6.9 5.3 5.7 4.0 4.4 2.6 4.2 
1010 =: 1210 990 ~—:1190 980 960 1025 980 1035 910 888 970 1205 1170 
470 440 465 465 365 355 405 390 380 390 400 435 493 510 
60 33 60 33 26 62 56 10 22 101 100 100 99 63 
730 830 705 835 725 780 855 815 850 755 755 812 975 980 
4.20 6.75 3.8 7.75 4.4 5.0 6.25 5.5 6.6 5.2 4.9 6.7 7.6 9.7 
2.6 5 2.4 5.5 3.0 4.0 4.75 4.25 65.5 3.1 3.0 4.1 4.7 6.4 
75 75 .68 .89 .80 90 1.10 .80 95 .80 80 §=61.0 1.0 1.40 
2.5 {a8 3:8 om 22 2.0 23 2.4 2.9 3.4 3.8 4.5 5.0 6.60 
18.0 20.0 16.0 17.7 23.9 20.0 26.4 20.0 18.0 13.0 13.0 10.0 9.00 10.0 
198 175 19.9 18.0 16.1 15.5 17.8 1658 15.8 16.1 16.4 16.6 17.7 19.5 
me. 275 -%.1 “WO WW9- 19:5 “17:3 2.1. .73 WO m6 WA. Ws 76.2 
56.3 58.0 59.4 70.0 71.68 73.6 $4.7 89.95 91.66 93.3 102.0 117.0 127.0 137.9 
42.34 44.59 44.61 53.9 56.55 58.51 65.39 70.25 72.59 73.61 80.17 91.73 98.17 103./ 
97” 97° a7” 97” 36” 43” 48” 48” 48” 48” 48" 48” 48” 48 
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FIG. 11. lso-Flow furnace, 
radiant-convection type. 
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FIG. 12. lso-Flow furnace, 
radiant type with air 
heater. 








been many improvements and innova- 
tions over the original design. 

Fig. 10 illustrates the radiant type 
Iso-Flow furnace. The original firing 
well at bottom of furnace has been 
eliminated and this furnace is equip- 
ped with five John Zink burners in 
the bottom of the furnace. The four 
outside burners are so designed as 
te give direction to the fire and dis- 
tribution of heat to the tubes. The 
tubes are supported from the bottom 
and are set in a single row. The bot- 
tom of the stack is equipped with a 
draft hood somewhat similar to a draft 
hood on a domestic gas furnace. The 
stack is equipped with a circular 
mone rail for tube removal and clean- 
ing purposes. The upper throat of the 
furnace is made of refractory. No sup- 
porting structural steel is employed 
thereby making a less costly installa- 
tion. The efficiency of this type of fur- 
nace is dependent upon the excess air 
in the furnace, average temperature 
of stock inside the tubes, and the heat 


' absorption rate. This type of furnace 


is usually used where low cost of in- 
stallation is required and low priced 
fuel is available. 

Fig. 11 illustrates the radiant-con- 
vection type of Iso-Flow furnace. The 
design of the radiant-convection type 
is substantially the same as the radi- 
ant type except that the radiant cone 
's suspended from a hollow cylinder 
Inserted at the top of the furnace. The 


tubes between the two concentric hol- 
low cylinders are equipped with longi- 
tudinal fins and constitutes the con- 
vection section. The radiant convec- 
tion types are usually used where fuel 
economy is desirable and low average 
oil temperatures are encountered. The 


fins or extended surface increases the 
heat absorption by the tubes in the 
conveetion section to substantially that 
of the radiant section and at the same 
time increases the efficiency. With an 
average temperature of approximately 
450 F of oil in the tubes, the efficiency 
of the radiant-convection type for a 
heat absorption rate based on tube 
surface only of 8000 to 10,000 Btu per 
square ft per hour is approximately 
70-72 per cent based on the gross heat- 
ing value of the fuel. 

Fig. 12 illustrates an Iso-Flow fur- 
nace of the radiant type equipped with 
an air heater to provide greater eco- 
nomy and to obtain greater heat ab- 
sorption rate per square foot of tube 
surface. 

The air heater is of the tubular de- 
sign and is inserted in the stack and 
forms an integral part of the staek. 
The stack forms the outer shell of the 
air heater. Inasmuch as the air heater 
is in the vertical stack the chimney 
action of the flue gases im the stack 
overcomes the major part of the draft 
loss of the flue gases passing through 
the air heater and as a result no in- 
duced draft fan is required. The 
forced air is supplied by a forced 
draft fan, which delivers the air to the 
air heater, and the cold air first passes 
over the bottom tube sheet to keep it 
as cold as possible and then through 
a circular duct placed in the center of 
the air heater to the top of the air 
heater where the air then flows coun- 
ter current to the flue gases passing 
through the air heater. The hot air 
leaving the air heater flows downward 
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FIG. 13. lso-Flow furnace with 
separate convection section. 
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FIG. 14. lso-Flow furnace with 
separate convection section. 
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through an insulated duct to the wind- 
box at the bottom of the furnace. The 
efficiency of this type of furnace can 
be as desired and will depend upon 
the price of fuel. If fuel prices are 
high a large heater can be used and 
if fuel prices are low a smaller air 
heater may be used. 


Figs. 13 and 14 show designs of 
lso-Flow furnaces equipped with sepa- 
rate convection surfaces but without 
air heaters. Air heaters can be added 
to furnaces of this design if grea‘er 
efficiency is desired. It is the writ+r’s 
opinion that the more economical ar- 
rangement would be a radiant-convec- 
tion furnace for high average oil tem- 
peratures as shown by Fig. 11 sup- 
plemented by air heater instead of 
arrangement of surfaces as shown by 
Figs. 13 and 14. Fig. 13 illustrates a 
design of a separate convection sec- 
tion where services are such that it is 
unnecessary to internally clean the 
convection section. Fig. 14 illustrates a 
design of a separate convection sec- 
tion where services are such that the 
convection section must be cleaned 
internally. 


Fig. 15 shows an Iso-Flow econo- 
mizer of the auxiliary fired type, 
which may have many possibilities. 
This unique design allows control of 
the temperature of the products heated 
and at the same time effects a fuel sav- 
ing by recovering heat from the hot 
flue gases of existing inefficient units. 
or example, a box type cracking still 
having a radiant furnace and a down 
draft convection section may be al- 
ready installed. The charging stock to 
this furnace may be as high as 700 F 
and a stack temperature may be as 
high as 900 to 1000 F. The excess air 
in the flue gases from this furnace may 
be as high as 75 per cent to 100 per 
cent and there is usually enough ex- 
cess oxygen in the flue gases to supply 
oxygen for the auxiliary fire of the 
lso-Flow economizer and no added 
air would be required. If more selec- 
tive cracking, or another heating fur- 
nace is desired, and there usually is 
in any refinery, the auxiliary fired 
economizer may be justifiable. In fact 
an air heater on top of the separately 
fired economizer could supply hot air 
to the original cracking furnace and 
as a result greater capacity and efh- 
ciency could be effected. This sepa- 
rately . fired economizer may be a 
steam béiler as will be described later 
in this paper. There may be many 
applications to this separately fired 
economizer and each refinery’s prob- 
lems will be different. 

Fig. 16 illustrates an Iso-Flow bent 
tube parallel flow superheater. This 
type of superheater is usually used for 
superheating steam where fuel eco- 
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FIG. 15. Iso-Flow economizer, 
auxiliary fired type. 
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FIG. 16. Iso-Flow furnace, bent 
tube superheater. 








nomy is not essential, total heat ab- 
sorbed is quite low, and where first 
low cost is important. There are a 
large number of furnaces of this type 
and they are used to superheat steam 
from field boilers that are not de- 
signed with superheaters. 

Figs. 17 and 18 illustrate inverted 
bent tube series and parallel flow ra- 
diant type Iso-Flow furnaces of low 
capacity where low first cost is para- 
mount and efficiency unimportant. 


Fig. 19 illustrates the design of the 


extended convection surface. The lon- 
gitudinal fins are welded to the tubes 
by automatic welding equipment and 
as a result this extended surface is 
not too expensive. The design of this 
extended surface is such that the heat 
absorption per square foot of tube 
surface is approximately the same in 
both the radiant and convection sec- 
tions. Where the average temperature 
of the stock in the tubes does not ex- 
ceed approximately 550 F and with 
the proper design of radiant and con- 
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FIG. 17. Iso-Flow furnace, bent 
tube type. 
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FIG. 18. lso-Flow furnace, radiant 
type. (Inverted U). 
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FIG. 19. Illustration of extended surface for convection section. 


TABLE 2. 
Petro-Chem furnace design data** for 
heating oil-phenol mixture. 


Number of tubes. ; 44 
Size of tubes. . 5in by 4in 
Radiant surface. . 1,579 sq ft 
Convection surface . 2,487 sq ft 
Total surface. . . 4,066 sq ft 
Tube circle diameter. . . : 10 ft 6 in 
Inside furnace diameter. . 11 ft 9 in. 
Height of furnace 38 ft 3% in 
Height of stack. . . ; 31 ft 0 in 
Total height of furnace and stack... 68 ft 314 in 
Combustion volume. . 2,524 cu ft 

9 


Number of burners ‘ 
Type of burners John Zink (Direc- 
tional-spider premix 
7 f 





Length of convection section 7 ft 
Length of radiant section............ 27 ft 414 in 
Btu released per hour (normal)....... 21,200,000 

Btu absorbed per sq ft radiant section 8,800 

Btu absorbed per sq ft total surface. . . 4,070 

Flue gas temperature convection inlet 1,000 F 

Flue gas temperature convection outlet 680 F 


Excess air. . 


: EE ERIN, 5 HP 40 per cent 
Temperature oil-phenol mixture into 


furnace. . Pee 420 F 
Temperature oil-phenol mixture out of 
furnace ; ‘ a oy 560 F 


** Sinclair Refining Company — Houston, Texas 


vection sections it is usually uneco- 
nomical to install an air heater or 
other heat recovery equipment. 


Operating and Design Data 


In verification of the performance 
of an Iso-Flow radiant-convection 
type furnace three tests were made on 
a furnace heating a mixture of oil- 
phenol at the Sinclair Refining Com- 
pany’s plant at Houston, Texas. Table 
No. 2 shows some pertinent design 
data. Table No. 3 shows a tabulation 
of the test data. It is apparent from 
the test data that the unit did not oper- 
ate under the same conditions as de- 
signed, which is the usual practice for 
oil refinery equipment. The flue gas 
temperatures were higher leaving the 
convection section than design but the 
excess air was less. The same may be 
said for flue gas temperatures for 
the convection section inlet. Some in- 
leresiing items of the tests revealed 
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that the furnace could be operated at 
35 per cent above normal design with 
an efficiency of 73 per cent based on 
the gross heating value of the fuel, the 
radiation loss was low, the lowest ex- 
cess air during normal operation that 
could be obtained was approximately 
15 per cent in the furnace and 22 per 
cent leaving convection section indi- 
cating a better burner desirable, fur- 
nace temperatures were higher than 
expected, control of outlet Oil-Phenol 
mixture temperatures easily accom- 
plished, and very uniform with split 
coil flow, and no operating difficulties. 


“‘Iso-Flow”’ Boiler Design 
The application of the cylindrical 
furnace to a steam boiler is another 


TABLE 3. Test data on Petro-Chem furnace** for heating oil-phenol mixture. 





innovation of the Petro-Chem De- 
velopment Company. One cylindrical 
furnace boiler has been in operation 
for several years and consists of a 
horizontal drum situated above the 
furnace into which the furnace tubes 
deliver the water-steam mixture and 
is quite similar to a conventional boil- 
er design. The furnace tubes are sup- 
plied with water by outside down- 
comers from the boiler drum. It is 
understood that this boiler operates 
satisfactorily well above design ca- 
pacity. 

Fig. 20 illustrates a new and novel 
boiler design. This novel design in- 
cludes a vertical steam drum instead 
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FIG. 20. Iso-Flow furnace, 
steam generator. 























Test No. 1 Test No. 2 Test No. 3 

Charge to furnace B/D 4,950 7,290 6,660 
Temperature charge in F 432 432 435 
Temperature charge out F. 570 556 565 
Million Btu released per hr Bis ap 18.6 28.9 27.2 
Million Btu absorbed per hr—convection section. . . C7 4.1 3.5 
Million Btu absorbed per hr—radiant section. . 12.2 17.0 16.4 
Total Btu absorbed per hr... rade : 13.9 21.1 19.9 
Per cent efficiency higher heating value basis . . 74.6 73.1 73.2 
Per cent stack loss higher heating value basis . . ie . 23.3 25.9 25.6 
Per cent radiation loss higher heating value basis (actually determined) 2.1 1.0 ee 
Btu absorbed per sq ft of convection surface. 683 1,649 1,407 
Btu absorbed per sq ft of radiant surface. 7,720 10,766 10,386 
Btu absorbed per sq ft of total surface. . 3,420 5,189 4,894 
Btu absorbed per sq ft of tube surface. 6,881 10,446 9,851 
Btu released per cu ft furnace volume... 7.370 11,450 10,777 
Per cent heat absorbed convection section. . . 12.2 19.5 17.6 
Per cent heat absorbed radiant section 87.8 80.5 82.4 
Temperatures F ; 

Furnace—(9’ below convection section) 1,195 1,325 1,602 

Entering convection section (2 ft below convection section) 1,049 1,312 1,355 

Leaving convection section . . 699 759 793 

Hood 632 584 616 

Ambient air 65 62 80 
Drafts H2O 

Hood 24 23 23 

Stack 19 16 17 

Furnace 48 50 55 
Flue gas analyses 

Per cent CO2 entering convection section 10.8 10.5 11.5 

Per cent O2 entering convection section. . 3.8 3 2.6 

Per cent CO2 leaving convection section 10.8 9.9 10.8 

Per cent O2 leaving convection section 3.8 5.2 3.5 
Rind of fall... 5.2... Refinery gas Refinery gas’ Refinery gas 
Btu per cubic ft fuel gas. . 1,55 1,565 575 


** Sinclair Refining Company — Houston, Texas. 














of the conventional horizontal drum. 
The steam and water mixture from the 
fired boiler tubes enter the vertical 
drum horizontally where it is given 
a rotary motion by baffling for the 
separation of water from the steam. 
The steam liberating surface is there- 
fore a hollow cylinder of water in the 
vertical plane around the circumfer- 
ence of the drum and the boiler drum 
is a vertical centrifugal separator that 
offers many possibilities. 


There are four of these boilers in 
operation. The boilers are designed 
for 400 psig working pressure and 
30,000 to 50,000 lb of steam per hour 
each. The boiler is bottom supported 
by the boiler tubes. The circulating 
return or downcomer is located in the 
furnace and is insulated to prevent it 
from becoming a riser. Boiler water 
circulation should be more uniform 
than in the conventional boiler as each 
boiler tube passes through the furnace 
proper and then through the fin type 
convection section. The bottom end of 
the steam drum is surrounded by flue 
gases and does not require insulation. 
The boiler is a single pass boiler, has 
low draft drop and in fact the furnace 
is a part of the stack. 


This type of boiler is not readily 


adapted for a superheater and where. 
superheat is required a separately. 


fired superheater is used. The Iso- 
Flow boiler could readily be installed 
as an economizer as illustrated in Fig. 
15. The fuel for the immediate future 
will probably be oil and/or gas but 
this type of boiler could be readily 
adapted to solid fuel firing. The Iso- 
Flow boiler may have rather extensive 


* 





Midget Plant 


A new tiny but tough chem- 
ical plant can operate both at 
high pressure—10,000 psi— 
up to 1200 F, close to white 
heat, a combination that hasn't 
been possible before. The 
plant was designed and built 
by C. M. Sliepcevich and G. G. 
Brown of the University of 
Michigan, who are using it for 
small-scale studies of catalytic 
chemical reactions such as 
those used in making synthetic 
rubber or refining crude oil into 
high-octane gasoline. 

The reacting materials enter- 
ing the plant are heated by 
special molten salts as they 
pass through 30-ft coils of 
stainless-steel tubing. The reac- 
tion chamber itself is only 3 ft 
long and has stainless-steel 
walls 134 in. thick. 















C-18 


applications where fuel oil and gas 
are the prevailing fuels and where out- 
door installations are desired. 


Helical Coil Furnaces 


The helical coil furnace has many 
applications from a domestic hot 
water heater to heating up oil stocks 
where the heat absorption may be as 
high as 20 million Btu per hour. Fur- 
naces of this type are used where there 
is little or no likelihood of coking 
up or of being plugged. One applica- 
tion for the helical coil is heating up 
asphalt for tank car loading when it 
is necessary to load hot asphalt into 
insulated cars so that asphalt may be 
taken directly from the cars at point 
of delivery without heating. Hot as- 
phalt may be transported as much as 
1000 miles without cooling off to the 
extent that it will have to be heated 
for unloading at point of destination. 
Another application of the helical coil 
is the heating up of a mixture of pro- 
pane and asphalt at a propane deas- 
phalting plant. Small steam superheat- 
ing helical coil furnaces are frequent- 
ly used. 

The helical coil furnace is normally 
used only where part time operations 
are required, where fuel is cheap, and 
low first cost is desired. It is needless 
to say that the helical coil furnace is 
cheap to build. For refinery use the 
coils are held apart by welded spacer 
bars about 2 in. long uniformly 
spaced for supporting the tubes one 
upon the other. Fig. 21 illustrates the 
design and application of a helical 
coil in a furnace. 


The helical coil has the disadvan- 
tages of inefficiency and probability 
of plugging up. On the other hand it 
has the advantages of cheapness and 
ease and speed of removal and re- 
placement of heating surface. The 
draft hood is easily removed and then 
the entire coil can be replaced as a 
unit. 


Miscellaneous Cylindrical Furnaces 


Several cylindrical furnaces have 
been successfully used to burn obnox- 
ious gases and to evaporate foul waters. 
Horizontally fired gas burners are in- 
stalled at the base of the cylinder and 
the foul water is sprayed into the top 
of the furnace. The same arrangement 
is used to completely burn up obnox- 
ious gases. In one instance a vertical 
storage tank was converted into a 
flambeau by lining the tank with re- 
fractory and placing the burners 
around the base of the tank. 


Summary 
The cylindrical furnace has a de- 
finite place in the oil industry. There 
appears to be no furnace in an oil re- 
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FIG. 21. Iso-Flow furnace. 
Radiant-convection type, 
two-flow helical coil. 


finery where a cylindrical furnace 
cannot be readily adapted. Its funda- 
mental concept provides for more uni- 
form heat distribution and absorp- 
tion. In an all radiant cylindrical 
furnace the coldest tube absorbs more 
heat than the hottest tube and the 
furnace adjusts itself with each tube 
absorbing its aliquot portion of heat 
in proportion to the fourth power of 
the absolute temperature difference be- 
tween the flame and the tube. It can be 
designed for substantially any duty 
and efficiency. Each type of cylindrical 
furnace described in this paper has its 
place. It is the writer’s opinion that 
the cylindrical furnace is the best 
when designed with proper under- 
standing and this paper is dedicated 
to this proper understanding. 
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KAYLO PIPE INSULATION is produced in 
Simplified Dimensional Standards of 
thicknesses and diameters for snug nest- 
ing, when necessary. Available in thick- 
nesses from 1 to 3 inches in 36-in. sec- 
tions, for pipe sizes from 2 to 12 in. 


AW L© 


HEAT INSULATING BLOCK 


and PIPE COVERING 


OWENS-ILLINOIS GLASS COMPANY 
Kaylo Division « Toledo 1, Ohio 


SALES OFFICES: 
Atlanta * Boston © Buffalo * Chicago * Cincinnati © Dallas * Minneapolis 


New York ¢ Philadelphia © Pittsburgh * St. Lovis * Toledo © Washington 
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PROVES STABILITY 
OF KAYLO 
HEAT INSULATION 


What insulation material will not break down . 
under exposure to live steam or hot liquid? 
Answer: Kaylo Heat Insulation. 

In tests, samples of Kaylo Heat Insulation 
have been boiled continuously for 24 hours 
and longer. None has disintegrated or shown 
any loss of insulating efficiency, after drying. 
Test boiling has caused no appreciable shrink- 
ing, swelling, weight loss or permanent change 
in Kaylo Heat Insulation. 


This Inorganic Material 
insulates Efficiently 
From 200° F. to 1200° F. 


One layer of Kaylo Heat Insulation assures you of 
insulating efficiency from 200°F. to 1200°F.—a 
temperature range which often requires two thick- 
nesses of different materials ...and the efficiency 
of Kaylo insulation actually improves after expo- 
sure to service temperatures. 

This remarkable new product is available in 
two forms: Kaylo Heat Insulating Block and 
Kaylo Pipe Covering. Both are exceptionally 
strong, lightweight and resistant to moisture damage 
...easy to handle and apply ... neat and clean in 
appearance on finished jobs. 

The many advantages offered by Kaylo Heat 
Insulation are appreciated by users in many different 
industries. 


SEND COUPON FOR KAYLO HEAT &® 
INSULATION SAMPLE & LITERATURE § . 


OWENS-ILLINOIS GLASS COMPANY 
Dept. N-42, Kaylo Division - Toledo 1, Ohio 


Gentlemen: Please send me a Kaylo Heat Insulation 
sample ond descriptive literature. 
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Trends in the Utilization of Motor 


Fuels in Automotive Transportation’ 


Higher Compression Ratios Governed by Economic Balance 
Between Fuel Cost and Engine-Fuel Efficiency Gained. 


Jusr to get a little historical perspec- 
tive, we will recall that 50 years ago 
the petroleum industry was a pretty 
well established business engaged 
principally in the manufacture of il- 
luminating oils, lubricating oils, 
greases, and waxes. At that time there 
was no automotive industry at all and 
gasoline was considered a waste prod- 
uct. 

Today the automobile industry has 
grown to a point where it consumes 
40 per cent of the output of the entire 
petroleum industry in the form of mo- 
tor gasoline. The production of gaso- 
line has become a big business. 

Today transportation ranks next to 
food, clothing and shelter in the re- 
quirements for living. Transportation 
is not only a convenience, it is a ne- 
cessity and the automotive transpor- 
tation industry alone provides em- 
ployment for about one out of every 
seven persons gainfully employed in 
this ¢ountry. 

Because the petroleum industry 
must supply the energy for our trans- 
portation systems whether they are 
automobile, railroad, airplane, or 
ship, it is tremendously important that 
we continually take stock of our posi- 
tion in regard to the utilization of our 
energy resources. 


Progress in Fuel Utilizaion 


During the past 20 years research 
octane numbers on regular grade gas- 
olines have come up about 20 octane 
numbers. This is about one octane 
number per year. At the same time, 
premium gasolines have increased 
about 15 octane numbers. Compres- 
sion ratios have increased from 5:1 
in 1930 to 7:1 in 1950. 

Our records obtained at General 
Motors proving ground show that dur- 
ing this same period the average fuel 
consumption of all domestic passenger 
cars has increased from 28 ton miles 
per gallon in 1930 to 39.5 ton miles 

“Presented at the 38th annual meeting of 
The Western Petroleum Refiners Association, 
San_Antonio, Texas, March 27-29, 1950. 


tResearch Laboratories Division, General Mo- 
tors Corporation, Detroit, Michigan. 
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per gallon in 1949. These figures, rep- 
resenting the average computed at 20, 
40, and 60 miles per hour, constitute 
an overall gain of 41 per cent in ef- 
ficiency of fuel utilization. It is inter- 
esting to note that between 1948 and 
1949 there was an increase of 5 per 
cent in ton-miles per gallon. Although 
this increase in itself is not impressive, 
if continued over a period of years it 
would result in a very significant in- 
crease in fuel economy. 

Assuming that only one-half the in- 
crease in ton-miles of transportation 
per gallon of fuel has been due to in- 
creases in compression ratio and oc- 
tane number alone, and we think that 
this is a reasonable assumption, it is 
estimated that at 1930 rates of fuel 
consumption it would take about a 
million barrels per day more gasoline, 
or over two million extra barrels of 
crude per day, than we are using to- 
day to do the transportation job we 
are doing with today’s passenger car 
engines. That is a record of conserva- 
tion that has been made entirely 
through technological progress—bet- 
ter fuels followed by better engines to 
use them. And note that I put the better 
engines after the better fuels because 
the engine must follow the fuels. 


Progress in Gasoline Values 

Thirty years ago the tank wagon 
price of gasoline was 31 cents per gal- 
lon in metropolitan New York. The 
octane number is estimated to. have 
been about 55. Since that time the 
price of gasoline has been coming 
down and the octane number has been 
going up as shown in Table 1: 


TABLE 1 
Approx. 
Research 
Year e/gal Octane No. 
1920 31 55 
1930 14 65 
1940 9.2 79 
1950 13.7 85 


Although the price of gasoline in 
1950 is up 50 per cent over 1940, if 
we consider that the price index on 
all commodities is up over 100 per 
cent since 1940, it is clear that today 
we are getting greater relative value 
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per dollar and better gasoline than at 
any time since 1920. 

This is technological progress that 
your great industry is passing along 
to the consumer. It has been accom- 
plished through large capital expendi- 
tures and lower unit costs. It is a rec- 
ord that your industry can well be 
proud of. If we take into account both 
the lower cost of gasoline to the con- 
sumer and the improvement in engine 
efficiency that has been accomplished 
through the better utilization of the 
improved fuels, it can be estimated 
that we are giving the American pub- 
lic about ten billion dollars of better 
value annually in the motor gasoline 
it buys today than it could have gotten 
at 1920 rates. Of course, if the old 
costs and rates of fuel consumption 
still applied we would not have the 
money to make up the difference and 
the actual result would be a very great 
reduction in the use of gasoline and 
automotive transportation. 

Octane Number Requirements 

Your manufacturing committee has 
requested some discussion of the oc- 
tane number requirements of various 
automotive engines. 

The most complete information on 
this subject has been published by the 
Coordinating Research Council under 
the title “Octane Number Require- 
ment Survey 1948.” More complete 
information including 1949 cars will 
be published in the 1949 CRC Survey 
when this report is completed. 

The CRC data are based on tests 
made on cars as found in owner serv- 
ice. For example, Fig. 1 shows the oc- 
tane number requirements of four dif- 
ferent makes of cars as presented in 
the CRC report. 

It will be noted that the octane num- 
ber requirement of each make of car 
is not presented as a single number, 
but as a statistical distribution curve. 
For example, the curves in Fig. 1 in- 
dicate that 50 per cent of the cars of 
make C required a reference fuel of 
82 octane number for freedom from 
knock. Likewise, to satisfy the require- 














id 


ments of 80 per cent of the cars of 
make C required a reference fuel of 
86 octane number. 

This spread in the octane number 
requirements of each car make is what 
makes it technically impossible to de- 
scribe the octane number requirements 
of cars as found in service except as 
a statistical distribution curve. 

The causes for this spread in the 
requirements of a given make of car 
are such variables as slight differences 
in spark advance, mixture ratio, and 
combustion chamber deposit. Of these 
variables, spark advance is probably 
the most critical. 

Most cars today are designed in 
such a way that the spark advance at 
low speeds is retarded somewhat from 
the setting for best power. This is done 
to prevent excessive detonation and 
at the same time giving the car owner 
the benefit of a higher compression 
engine over the entire operating range 
than would be possible if the spark 
at full throttle had been advanced for 
maximum power. The result is an 
overall operating economy to the car 
owner, and it is this principle that has 
been partly responsible for the gains 
in fuel economy that have been made 
over the past 20 years. 


At the same time, the application 
of this principle of spark control 
makes the octane number requirement 
of cars extremely sensitive to spark 
timing. For example, Fig. 2 presents 
a chart showing the relationship be- 
tween octane number requirement and 


spark advance for a certain passenger 
car engine that is now in production. 
This figure represents data obtained 
after normal accumulation of com- 
bustion chamber deposit and using 


primary reference fuels heptane and: 


iso-octane as points of reference on 
the octane number scale. 

The factory distribution limits of 
+ 2 deg are represented by the cross- 
hatched area. 

It will be observed that at 1000 
rpm the factory spark timing cor- 
responds to a loss of about 10 per 
cent in maximum power. The octane 
requirement falls between 85 and 88 
at this speed, which is about as low a 
speed as we are concerned with in 
cars equipped with automatic trans- 
missions. 

These data indicate that this en- 
gine can readily be adjusted to fit a 
wide range of octane numbers by a 
relatively small adjustment of ignition 
timing. The data also indicate that 
the engine will respond favorably, 
that is it will produce more power, 
with fuels up to about 98 octane 
number. 


This diagram illustrates the engi- 
neering compromise that must be 
made in fitting an engine to existing 
commercial gasolines. This engine 
was designed to give a commercially 
acceptable automobile an 86 research 
octane gasoline. At the same time the 
engine is capable of realizing better 
power and improved efficiency by 
operation on higher octane number 





FIG. 1. 
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fuels provided the ignition timing is 
suitably adjusted. Also, the engine 
can be operated on fuels of lower 
than 86 octane number either by ac- 
cepting a certain amount of detona- 
tion or by retarding the ignition tim- 
ing beyond the recommended factory 
setting. In either case, the perform- 
ance of the car will be impaired to 
some degree. 

Combustion chamber deposits gen- 
erally add from 5 to 10 octane num- 
bers to the octane requirement of a 
clean engine, the amount depending 
on operating conditions and other 
factors. 

Thus it becomes apparent that al- 
though this engine might be defined 
as requiring 86 octane number fuel, 
in actual service the requirements of 
this make of engine will be found to 
cover a wide range of octane numbers 
according to the ignition setting and 
other factors that govern in individual 
cases. 


Mechanical Octane Numbers 


Your program committee has indi- 
cated to me that some of the member- 
ship of your organization are con- 
cened about the possibility that cer- 
tain improvements in engine design 
might overnight invalidate their in- 
vestment in equipment to produce 
high octane gasoline. I want to reas- 
sure you that there is nothing immi- 
nent in the automobile industry that 
we know of that might bring this 
about. It is a fundamental principle 
of engine design that high compres- 
sion gives greater combustion effi- 
ciency. This is as fundamental as the 
law of gravity. To be sure there are 
other means of getting improved econ- 
omy, i.e., lower axle ratios, smaller 
engines, transmission design. But high 
compression and high octane fuel can 
always be added on to any improve- 
ments that can be made in these other 
directions. So as we see it today, the 
engineer will continue to have strong 
incentives for increasing compression 
ratios in step with improvements in 
octane number. 


No doubt you have heard of rather 
phenomenal increases in compression 
ratio that.can be obtained by ingen- 
ious engine design but without raising 
octane number. The automobile indus- 
try is very much interested in develop- 
ments along these lines, and is actively 
engaged in research in this direction 
as it has been for the last 40 years. In 
this connection I would like to point 
out that some of the engines that are 
in production today—engines that 
some of the people in this audience 
are driving today on regular and pre- 
mium gasoline—will require 95 to 
100 octane number fuel if you try to 
get every last horsepower that the en- 
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gine is capable of producing. In some 
of these engines, as has already been 
pointed out, we are sacrificing from 5 
to 10 per cent of maximum power by 
retarding the spark at full throttle to 
avoid detonation on commercial fuels. 
But we retain the advantage of the 
high compression ratio at part load 
where most of the driving is done. 


Engineers are continually at work 
on combustion chamber shapes, vari- 
ous valving arrangements, and fuel in- 
jection. In appraising the possibilities 
along these lines, however, it must be 
recognized that octane number re- 
quirements are not the only criteria 
of engine design. Other factors such 
as durability, cost of construction, and 
freedom from smoke and objection- 
able odors are equally important con- 
siderations. We have to satisfy our 
customers with an acceptable auto- 
mobile engine—and that reminds me 
of a story— 


Some time ago just after the story 
on atomic energy broke on the coun- 


try a newspaper man approached 
Kettering of our organization for a 
story on how the new form of atomic 


power was going to affect the auto- 
mobile business in the post-war peri- 
od. Ket said he didn’t know but he 
didn’t think it would make much dif- 
ference. Maybe he should go and see 
a mutual friend who might have more 
of a story to tell him on this. So the 
newspaper man called on their friend 
who said, “Sure. All you will need is 
a little cartridge about the size of a .22 
caliber shell that you will shove down 
into place and run your car for the 
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life of the car.” Some time later the 
newspaper man ran across Kettering 
again and he said, “Say, I saw our 
friend like you said and he told me all 
about the atomic engine. Surely you 
knew just as much about it as he did, 
but why wouldn’t you give me a 
story?” “Well,” said Kettering, “you 
see that is all right, but you know you 
would have to have about 25 tons of 
concrete around that thing to protect 
the driver and I don’t think our cus- 
tomers would like that kind of a car. 
The difference is that we have to satis- 
fy our customers in order to sell cars.” 


What About the Future? 


In thinking about what progress we 
can make in the future we must always 
remember that we have to satisfy our 
customers—the buying public. The 
public has learned to accept certain 
standards of automobile performance 
and economy. Whatever we offer must 
equal or better our past performance. 

If we assume that standards of 
automobile performance, i.e., power- 
weight ratio, acceleration, top speed, 
will stabilize at about present levels, 
we might expect fuel economy to im- 
prove provided technological progress 
permits higher octane number fuels at 
a cost that will not more than offset 
the gain in economy. 

Fig. 3 is a chart representing the 
approximate gain in tank mileage per 
gallon that has been obtained in tests 
made by General Motors. In prepar- 
ing this chart a base corresponding to 
present average compression ratios 
of 7.0:1 was taken for purposes of 
comparison. 
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FIG. 3. 


In presenting this chart it is recog- 
nized that the compression ratios giv- 
en are nominal values that charac- 
terize the respective engines. The ef- 
fective compression ratios under 
which fuel is actually burned in these 
engines will differ materially from 
these nominal values and will be gov- 
erned by such factors as valve timing 
and ignition timing. 

Nevertheless, these data that are 
based on actual tests made in cars in- 
dicate the order in magnitude of the 
improvem: ni: fuel economy that can 
be accom, |ishea by known methods 
in engines conforming to present 
standards of public acceptance. 

We all know that the production of 
fuels to operate higher compression 
engines costs more money and so the 
degree to which we can move in the 
direction of higher compression ratios 
depends entirely upon finding the 
economic balance between increased 
fuel cost and the gain in fuel utiliza- 
tion efficiency. 

Over the past 20 years we have 
made an approximately 40 per cent 
gain in efficiency of fuel utilization 
with a reduction in actual fuel cost. 
Although the way ahead looks difficult 
to everyone of us, it is hard to believe 
that we have yet reached the end of 
the road with such tangible incentives 
in sight. 


Discussion 
Chairman McCurry: Gentlemen. 
Mr. Campbell’s paper is now open for 
discussion from the floor. If you have 
any question, I’m sure he’ll be happy 
to answer anything up to 1951. 
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Question: Was this octane require- 
ment that you’ve shown of some of 
these gases for optimum operating 
conditions or just what? For instance, 
if you were at optimum operating 
conditions wouldn't we get octane 
speeds of say 10 to 25 miles an hour 
when we stepped down on the accele- 
rator? 

Campbell: Do you mean that dia- 
gram that was on there in the next to 


' the last part? Yes, that’s the one. Well, 


those octane requirements were what 
it requires to run that car at wide open 
throttle at that particular speed what- 
ever it was, that is the worst condition 
for knocking, generally. 


Question: Then we would have 
knocking at lower speeds. 


Campell: Whatever the line indi- 


cated there. 


Question: For instance, at one 
thousand rpm we would have a great 
deal of knocking. 


Campbell: That is shown by the co- 
ordinate on there. 


Question: Then that would mean 
those people with the high octane gas 
9 


Question: Well, if the car is going 
to knock, it would knock under those 
conditions, wouldn’t it? That is, at 
those speeds at which they are knock- 
ing, therefore they want more high 
octane gasoline and the refiners have 
to put out that higher octane gasoline 
to prevent that knocking, wouldn’t 
they? 

Campbell: Well, the diagram indi- 
cated just what the octane require- 
ment of that car would be at least the 
spark advance and speed and it de- 
pends upon how that spark sets as to 
whether that engine is going to knock 
or not on a given fuel. That’s what 
that diagram represents. I am afraid 
—TI am not sure that you got the mean- 
ing of that. ............ right hand line is 
properly adjusted on this thing and 
the end points at a distributor range 
at a thousand rpm you would have 
probably at least 5 deg of spark ad- 
vance, and that would require about 
86 octane. That means if you: had an 
86 octane number fuel in the tank 
that would just give the car a faint 
trace of knock. It wouldn’t be any- 
thing to complain about but that’s the 
die-out point the fellows pick when 
they work out these diagrams. So that 
means that you need about 86 octane 
number for that engine. 

Question: Would it knock at that 
point? 

Campbell: It would just be a trace 
knock. 

Question: Well, then, the point 
where you wouldn’t have any knock 


would be up at that hundred, wouldn’t 
it? 

Campbell: Put an 88 in there and it 
wouldn’t knock either. See, that is the 
last trace of a knock that the experts 
who make this kind of diagrams can 
hear. When we get these things, we 
get a whole series of points on here 
and draw a series of curves and that 
means with an 86 octane number fuel 
you just hear a trace of a knock. I 
doubt if anybody here in the room 
could hear that knock at all. They 
open the throttle and accelerate and in 
order to do this thing you have to have 
pretty sharp ears. That’s what we call 
a knock die-out point on that engine 
with 86 octane fuel at 100 deg and you 
have to have that at a thousand rpm. 
Ii you had better fuel and no knock 
you ran 80 octane fuel in there at 
that spark advance and at 80 octane 
fuel you had quite a little knock. Pos- 
sibly because of the objections and in 
order to run it at 80 octane without a 
knock you would have to back the 
sparks advance about one or two de- 
erees. Get that? 


Answer: Yes, sir. 


Question: What is the Thompson 
Vitameter? 


Campbell: Well, that’s a device 
that’s been proposed that you put on 
cars to take this last bit of knock out. 
In other words, here is an engine that 
well say takes 86 octane fuel to run 
without knocking. With the Thompson 
Vitameter you could probably run 
that on 80 or 75 octane fuel without 
knock according to the supplementary 
injection of alcohol and lead. It would 
be a matter of economics as to what 
alcohol costs against what fuel costs 
and the weighing advantages and dis- 
advantages of that additional para- 


- phernalia on the car to keep it ad- 


justed. We’ve got some cars with Vita- 
meters and we're experimenting on a 
car that’s got about a 10 to 1 compres- 
sion ratio of say 93 to 95 octane fuel 
in there which represents, in other 
words, up and down the road a ways 
when you get to 93 and 95 octane fuel 
which is all you can get in the next 
five years or so. Beyond that, you 
can hardly see ...........- so you might 
say, well, suppose five years from now 
when we get to that level what are we 
going to do then? Well, we have Vita- 
meter on a 10 to 1 car which will plug 
that gap between 95 and 100, once 
you adapt it, whether then the added 
cost of the alcohol will more than off- 
set gain in economy. We show with 
it somewhere around 20 per cent in- 
crease in the economy of the gas and 
the alcohol will cost you more than 
enough to offset that, why that doesn’t 
look so good. I think you have got to 
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PACIFIC’S NEW 
Stainless Steel Gate Valves 
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150 Lb. 600 Lb. 
Type 316 or Alley 20 
Stainless Steel 
GATE VALVES 

Series 150: 

3 Sizes Y2" to 8” 
with Flanged Ends 
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with Screwed & 
Socket Welding 
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PACIFIC VALVES, INC. 


3201 WALNUT AVE., LONG BEACH 7, CALIFORNIA 

TELEPHONES: L.B 40-5451; los Angeles - NEvada 46-2325 

TELETYPES: U.B. 8-8076; New York City 1-1077 

Offices: San Francisco, Calif.; Houston, Texas; Chicago, Illinois 

Salt Lake City, Utah; Denver, Colo.; Beaumont, Texas; Pittsburg 

Pennsylvania; Clevelend, Ohio; Seattle, Washington; New York 
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ACME... the Only 
Gas Mask With the 
PICTURE WINDOW 


You never have that “jammed-in” 
feeling, wearing the Acme Full-Vi- 
sion Gas Mask. Its patented, larger 
lenses are like picture windows, giv- 
ing you full natural vision for that 
safe, unconfined feeling. When you 
walk, you can actually see your toes 
without bobbing your head. This 
factor alone makes Acme outstand- 
ing among gas masks... well worth 
looking into. 

Write for the complete story on 
Acme Gas Masks for the petroleum 
industry. 


ACME PROTECTION 
EQUIPMENT CO. 


3037 West Lake Street 
Chicago 12, Illinois 
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BURNER OR GAS 
BURNER FOR YOUR JOB 
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TYPE “S-A” 

1}. (For use where steam is available) atom- 
izes thoroughly and burns completely, the 
lowest and cheapest grades of fuel oil and 
tar, requiring only low oil pressure and 
temperatures. Send for Bulletin No. 21. 


TYPE ‘“S-A-L” 
2. (Large capacity burner similar to TYPE 
“S-A-R”’) is adaptable in combination 


with powdered coal burners in large boil- 
ers. Send for Bulletin No. 24. 
COMBINATION 
GAS AND OIL 
BURNER 

3 the “ATROCOOL” Gas Burner in com- 
bination with a TYPE ‘‘S-A-R”’ Oil 
Burner. Send for ‘‘Airocool’”’ brochure. 

“AITRCOOL” 
GAS BURNER 

4. (Of venturi type) assures low turndown 
without burnback. Send for “Airocool’’ 
brochure. 

TYPE “S-A-D”’ 

5. (Refuse Oil Burner) burns acids or 
caustic oils, sludges, asphalts, tank bot- 
toms, polymer oils, heavy petrolatum, 
organic oil residuums, waste cutting oils, 
sulphite pulp liquors, etc. Send for Bulle- 
tin No. 21. 


Ue national AIROIL surner co., inc. 


Main Offices and Factory: 
1239 E. SEDGLEY AVE., PHILADELPHIA 34, PA. 


Southwestern Division: 2512 South Boulevard 
ouston 6, Texas 
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show the customer a little saving to 
get him to put the thing on, so it’s a 
matter of economics and customer ac- 
ceptance and customer acceptance is 
a very difficult thing to evaluate. Does 
that answer your question? 


Question: | have a question con- 
cerning your paper that deals solely 
with gasoline as a motor fuel. What 
do you think of the question of diesel 
fuels and say LPG, versus gasoline in 
relationship to their production? That 
is the trend of the three sources of 
fuel versus gasoline. What is the gen- 
eral outlook in relation to the three in 
automotive transportation? 


Campbell: Well, I think today they 
are running about 200,000 bbl per 
day of diesel fuel in railroads, auto- 
motive, and marine use, and are mak- 
ing about 10 times that much motor 
gasoline. It doesn’t seem very likely 
that the diesel fuel is going to catch 
up with the motor gasoline except is 
going to increase utilization on the 
railroads and others. LPG is some- 
thing that we have considerable in- 
terest in at the present time, and I 
don’t know what the answer would 
be if the price stays attractive long 
enough to attract the automotive in- 
dustries. I know some of the manufac- 
turers are in it now and that is how 
some of these things have to start— 
in a small way and find out the thing 
is pretty good and once the operators 
find they can make a dollar by going 
to propane they are going to do it. 
It’s just a matter of economics to the 
operator as to whether he uses pro- 
pane or gasoline or diesel fuel. Show 
him how he can make a dollar by us- 
ing diesel fuel or propane, and he 
will clamor for it and when the manu- 
facturer sees that he can sell some of 
that he is going to go right in there 
after that market. I wish we knew just 
what the situation will be on this. 
Maybe some of you fellows here know 
more about it. | would like to hear a 
little more about this propane, how 
long we can count on a low price 
for it. 


Question: What about engines us- 
ing low octane fuels reported to have 
been designed instead of engines re- 


- quiring higher octane number fuels? 


Campbell: You mean the engine 
The Texas Company has been work- 
ing on. It’s a very interesting develop- 
ment, and I think everybody in the 
business is interested in that type of 
development. There has been a great 
deal ot work done on that line in the 
past and | don’t see any reason why 
it should not continue. An engine of 
that type was developed a number of 
years ago trying to accomplish that 
same objective. The Waukesha Com- 





pany had it in production for a num 
ber of years as a universal fuel engine. 
It has advantages and also a numbe: 
of disadvantages. It has the same dif- 
ficulties as any commercial engine. 
Fuel injection engines are apparently 
an expensive engine; diesel engine: 
also are expensive engines. The diese! 
engine has some tough competition to 
meet with gasoline engines on accouni 
of first cost. The diesel fuel econom, 
has to more than offset that fuel cos: 
in order to get the diesel engine in the 
picture, so that it generally has been 
restricted to users consuming a lot of 
fuel. Now if we have an engine of 
that type built that will be dependable 
in service and-you can make a fuel 
at a low enough cost you can get into 
that business. Only time will tell. As 
I understand it, I think The Texas 
Company is to present a paper on that 
engine at the SAE meeting in June. 
Several manufacturers as I under- 
stand it that will make a conversion 
for most any kind of a truck engine 
you have. 


Question: We operate 16 trucks on 
propane or butane, whichever we have 
an excess of, and was just wondering 
if you have equipment to operate auto- 
mobiles the same way? 


Campbell: Well, as I understand it 
those companies that manufacture 
that type of equipment will conver: 
automobiles to this fuel. A number 
of conversion units have been built. 
There’s some question whether or not 
you can sell that equipment to the 
man in the street, but if you have a 
tank of that in the refinery from 
which you can fill up, why it’s good 
fuel. The difficulty there in passenger 
cars is a matter of convenience in 
handling a liquid fuel, and getting it 
from coast to coast in this country. 
Sometimes, we take a lot for granted. 
But liquid fuel is ideally suited for 
motor vehicles. We, in ‘this country, 
have a very uniform grade of fuel, 
coast to coast and north to south. In 
the transportation fundamentally we 
want to go places and fill up with the 
same kind of stuff there and operate 
as well as in the place where you came 
from. We have a big country, and it is 
important to have geographical dis- 
tribution so that we can get uniform 
fuel at all points. Now, the question 
of pyopane in a passenger car is up 
against a distribution problem. If the 
customer runs out of fuel he will not 
want to go 5 or 50 miles to hunt up a 
propane station when maybe he can 
coast into a gasoline station. One ex- 
perience like that and he says to heck 
with that stuff. In commercial opera- 
tions that’s a different story, supply 
and distribution can be assured.y »* 
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To get all piping from one source 





Order it from CRANE 


ECONOMICAL SMALL STEEL VALVES 
FOR OIL AND OIL VAPOR SERVICES 


As a matter of fact, these rugged, compact 600-Pound Union 
Bonnet Gates are an economical buy in more ways than one. 
First of all, they’re moderate in initial cost. And because they are 
Crane Quality in design, construction and materials... routine 
maintenance costs are negligible. 

Stuffing box provides liberal packing space to assure a tight 
stem seal; male and female bonnet joint is equipped with a soft 
iron gasket for maximum tightness; body seat rings, securely 
rolled into place, will not loosen in service. ‘ 

These valves are smooth operators. Guided disc does not get 
out of line or jam in body. Crane disc-stem connection prevents 
lateral strain on stem. Accurately cut, easily lubricated stem 
threads provide positive control with minimum friction. See 
your No. 49 Crane Catalog. 

CRANE CO., 836 S. Michigan Ave., Chicago 5, II. 
Branches and Wholesalers Serving All Industrial Areas 


€ ONE ORDER TO CRANE CAN COMPLETELY EQUIP 
THIS VAPOR RECOVERY PROCESS PIPING INSTALLATION 
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No. 3602X,600-Pound Small 
Steel Gate for oil or oil vapor 
up to 1000° F. Exelloy to 
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Maintenance Practices in a Small Refinery® 


P 937.3 


To keep limited equipment in good condition and protect flexibility of 
operations, the maintenance department in a small plant must work 
smoothly and with great versatility. 


JOHN S. PFARR', ROBERT W. POLLARD?, LEON T. HARRIS*, WILLIAM F. DOUGHERTY“ 


| | the modern small refinery one will 
find almost the same processing equip- 
ment as in the large refinery, with one 
notable exception. That exception is 
what is known as spares or standby 
equipment. The small refiner must use 
his capital to keep pace with techno- 
logical improvements, and these im- 
provements must be purchased at the 
barest minimum cost which, as a gen- 
eral rule, does not include much dupli- 
cation of equipment. Such spares as 
are found absolutely essential are 
added later after experience has shown 
where the dollar spent will bring in 
the greatest return. For this reason 
maintenance practices in a small re- 
finery are of paramount importance. 

Inasmuch as a small refiner’s equip- 
ment, because of smaller capacity, 
costs as much (or more) per barrel io 
construct as that of the large refiner; 
as his main raw-product (crude oil) 
costs are comparable per barrel; and 
as other materials probably cost more 
due to smaller quantity discounts, the 
small refiner can keep his costs in line 
and compete with the large refiner for 
only one reason, viz., flexibility of op- 
erations. Flexibility of operations de- 
pends to a great extent on the versatil- 
ity and the flexibility of the mainte- 
nance department. 

Our refinery consists of a crude unit 
with an 8500-bbl-per-day capacity; a 
TCC} catalytic cracking plant, with a 
5000-bbl-per-day reactor-charge ca- 
pacity; an 1800-bbl-per-day UOP ther- 
mal reforming unit; a 1000-bbl-per- 
day vacuum unit for asphalt produc- 


tion, with auxiliary oxidizing equip-— 


ment; steam-generating equipment 
with a capacity of 50,000 lb per hour; 
60 storage and rundown tanks, with a 
total capacity of 472,000 bbl; a tetra- 





*Presented at a session on refinery mainte- 
nance during the 15th Mid-Year Meeting of the 
American Petroleum Institute’s Division of 
Refining, in the Hotel Cleveland, Cleveland, 
Ohio, May 3, 1950. 

Vice president in charge of manufacture, 
Leonard Refineries, Inc., Alma, Mich. 

“General superintendent, Leonard Refineries, 
Inc., Alma, Mich. 

*Maintenance superintendent, Leonard Refin- 
eries, Inc., Alma, Mich. 

“Refinery engineer, Leonard Refineries, Inc., 
Alma. Mich. 

*TCC = Thermofor catalytic cracking. 
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ethyllead (TEL) plant; control and 
research laboratories; truck and tank- 
car loading rack, and the normal aux- 
iliary equipment that would be ex- 
pected in a plant of this size. 


Personnel 


Our maintenance department, ac- 
cording to personnel records, is made 
up of 34 men, listed as follows: 


1—Maintenance superintendent. 
1—Machinist foreman. 

1—Pipefitter and labor foreman. 
1—Painting and insulating foreman. 
1—Electrical foreman. 
1—Instrument engineer. 
1—Pipefitter first-class sub-foreman. 
1—Storeroom manager. 
1—First-class welder. 

1—First-class carpenter. 
1—First-class painter and insula‘or. 
1—First-class machinist. 
1—Second-class machinist. 
1—Second-class pump mechanic. 
1—Second-class painter and insulator. 
3—Second-class pipefitters. 
6—Pipefitter helpers. 

1—Painting and insulator helper. 
1—Carpenter helper. 

3—Yardmen first-class. 
2—Yardmen second-class. 
3—Process extra board. 


The maintenance superintendent, 
electrical foreman, instrument engi- 
neer, and the storeroom manager are 
on the salary payroll. All of the other 
personnel in the maintenance depart- 
ment are on an hourly rate. Such a 
system eliminates confusion as to 
when overtime should be paid, as all 
of the foremen are working foremen, 
and frequently are working on jobs 
alone. The men are shifted by the 
maintenance superintendent as_ the 
various jobs require, and are not as- 
signed to a particular department ex- 
cept for normal routine work (some- 
thing which rarely exists in a small 
refinery ). 

As an example, the first-class welder 
is kept busy approximately 75 per cent 
of his time on welding. The painting 
and insulating foreman is a trained 
welder, however, and the master me- 
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chanic is proficient in that work. 
Whenever a job arises wherein weld- 
ing will be the bottleneck, all three are 
put on this job—either together or on 
shift work—with helpers being as- 
signed as required. Occasionally, even 
this flexibility will not meet the re- 
quirements, and we may have to get 
on the telephone and borrow a welder 
or two from a neighboring refinery. 
This is always an easy task, as these 
refinery people know that we shall be 
ready at any time to lend our crafts- 
men in an emergency. 


However, the records of the main- 
tenance-department personnel by no 
means tell the entire story. We have 
on each shift one man on the crude 
unit, three on the TCC unit, two on the 
reformer, one at the asphalt plant, one 
pumper, one at the boiler house, and 
one at the truck-loading dock. These 
10 men per shift are an extremely im- 
portant part of our maintenance or- 
ganization. Almost without exception 
they have had valuable training in the 
regular maintenance department. Even 
more important, they know that their 
work is easier and more pleasant when 
their unit is running than when they 
are starting it up or shutting it down. 
Consequently, they are at all times 
practicing preventive maintenance; 
and, whenever an occasion arises 
wherein they can safely handle minor 
repair maintenance, they do it as part 
of their job. 


Equipment 
The maintenance equipment consists 
of the following: 


1—214-ton International truck with 
20-ton winch and a frame. 

1—114-ton Ford combination flat-rack 
and dump truck. 

1—l1-ton Willys stake-rack truck. 

1—1-ton International pickup truck. 

1—Jeep, equipped for light bulldozing 
or snow plowing. 

1—International caterpillar tractor, 
T-20. 

1—Gibson tractor, equipped with 
mowing sickle to operate 
through a 90-deg arc. 
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3-Chrysler engine-driven Byron- 
Jackson PUP pumps, mounted 
on skids. 


2—Chrysler engine-driven Hammond 
500-gal-per-min fire pumps, 
mounted on wheels. 

2—Foam generators. 


]—Trailer foam carrier, 3-ton ca- 
pacity. 

3—2-in. gasoline-driven centrifugal 
pumps mounted on wheels. 

|—International P-12 with 3-in. her- 
ringbone gear pump. 

]—International P-12 with 4-in, her- 
ringbone gear pump. 

1—Thor turbine sump pump, air- 
driven. 


1—Safeway portable steel scaffolding 
equipment to produce scaffold 
3 ft x 4 ft x 40 ft; 3 ftx 8 ft x 
20 ft; 6 ftx 8 ft x 10 ft; or other 
proportionate sizes. 

|—2-in. portable Beaver threading 
and cutting machine with atiach- 
ments to 6-in. (Practically all 
pipe work over 2-in. is welded). 

1—Hydraulic cold pipe bender with 
dies to 4-in. 

1—6-ft bed lathe. 

1—8-ft bed lathe. 

1—Bench lathe. 

1—Drill press with chucks to 2-in. 

1—Drill press with chucks to 14-in. 

1—50-ton hydraulic arbor press. 

1—1-ton hydraulic floor crane. 

1—Kalamazoo metal-cutting band 
saw. 

1—300-amp electric-driven welder. 

1—300-amp gasoline-driven welder. 

3—Acetylene welding outfits. 

1—Type “S”  metalizing 
(Metco). 


machine 


In addition to the major equipment 
just listed, our maintenance depart- 
ment is adequately supplied with all 
of the necessary small tools which 
would be expected to be on hand as 
auxiliary to the foregoing list. 


Division of Maintenance 


In discussing maintenance practices, 
we believe that they should be listed in 
three main divisions: 

The first of these we would classify 
as housekeeping. 

We list this phase of maintenance 
first because we believe that it is first 
in importance. We have been accused 
of bordering on the fanatical in the 
manner in which we stress this sub- 
ject. We are firmly convinced, how- 
ever, that the money spent in good 
housekeeping pays large dividends. 
Our control rooms are not tile and 
marble, and we have no gold plate in 
the refinery; but we believe that we 
have one of the cleanest refineries in 
the country. We have a large number 
of visitors who go through the plant, 





and a large percentage of these write 
us complimentary letters concerning 
the appearance of the plant. These let- 
ters immediately become a part of our 
maintenance program; i.e., copies are 
made and are put on the bulletin 
boards of each unit and the locker 
room. This, we believe, helps to up- 
hold the pride of each employee in 
this phase of his job. 


The operators of each unit are re- 
sponsible for the appearance of their 
unit. They do the following work 
themselves: 


1. Wash, with hose and hot water, all 
floors of the unit, each shift. If 
the floor is dirty from an oil 
spill, a hot solution of Oakite 
Penetrant and kerosine is used 
in those spots. 


2. Keep all packing glands on valves 
and pumps adjusted so that 
there are no leaks. In an emer- 
gency, they are to add necessary 
rings of packing. In the case of 
pumps on which leakage cannot 
be avoided, and when it is not 
practical to pipe this leakage to 
a drain, they maintain pans un- 
derneath the gland. 


w 


Clean up any spills as soon as pos- 
sible. Major spills, of course, 
are handled by the maintenance 
department. 


> 


Pick up all trash, rags, etc., around 
the unit and put them into closed 
receptacles for that purpose. 
During spring, summer, and 
fall, each morning before the 
shift change, the limestone-chip- 
covered area around the unit is 


raked. 


5. Inspect a job before the mainte- 
nance department is released 
from its responsibility for prop- 
er performance of the job, and 
before the operators again as- 
sume responsibility for the ap- 
pearance of that particular part 
of the unit. 





RADAR SPEEDS 
OIL SHIPMENTS 


Oil shipments by tanker and 
barge are being speeded by ra- 
dar. On barge operations par- 
ticularly, radar helps prevent 
propeller damage by warning 
against the approach of heavy 
driftwood and sand _ bars. 
Barges also use ship-to-shore 
telephones to keep oil storage 
terminals advised of expected 
arrival time. 
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6. Request assistance, through the 
assistant superintendent, from 
the maintenance department 
when operators are temporarily 
unable to keep their unit in 
shape. This is usually due to 
some operating difficulty. 


The maintenance department is re- 
sponsible for the following duties in 
the housekeeping phase of mainte- 
nance, without special requests from 
either the general or assistant super- 
intendent: 


1. Maintain clean and sanitary con- 
ditions in the following: 

a. Locker room. 

b. Plant offices. 

Work in locations (a) and (b) re- 
quires the services of one man full- 
time. 

c. Water pump house. 

d. Truck-loading pump house, 

e. Fire house. 

f. Washes all windows in plant ex- 
cept locker room, plant office, 
laboratories, and boiler house. 
(Laboratory and_boiler-house 
personnel wash their own win- 
dows). 

The work from (c) through (f) re- 
quires the services of one man full- 
time. 

2. Two men and a pickup truck are 
scheduled one-half day each day for 
general plant cleanup. These men 
empty all trash and rubbish barrels, 
deliver all used valves and fittings to 
the salvage department, and assist the 
units when so ordered. 


3. On Saturday morning the per- 
sonnel of the entire maintenance de- 
partment, except those on emergency 
jobs, take over the general plant clean- 
up. From 8 a.m. until 12 noon they 
work in cleaning and putting in order 
all shops, trucks, and equipment. The 
maintenance department doesnot work 
on Saturday afternoon or Sunday. 


Painting 

Another phase of our housekeeping 
program is painting. One department 
is devoted to painting and insulating. 
We have found that such an -arrange- 
ment makes an ideal combination, be- 
cause the general insulation mainte- 
nance, such as patching, can be taken 
care of as part of the preparation for 
painting. Of course, during regular 
shutdowns for inspection, the painting 
is stopped for the length of time re- 
quired to remove, replace, and repair 
the insulation of the particular unit 
involved, 


This department—composed of a 
working, painting, and insulating 


foreman; one first-class painter and 
insulator ; and one second-class painter 
and insulator—spends the major part 
of its time painting. 
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We list the cost of such painting for 
two typical years, as follows: 


1945 

105 gal of aluminum paint, 
at $4.09 per gal......$1,656.45 
125 gal-of all other colors, 
at .$3.75 per gal...... 
100 gal of red oxide pri- 
mer, at $2.55 per gal 
3,320 man-hours of labor, at 


SR ee 4,415.60 


467.50 
255.00 


$6,794.55 


1948 
589 gal of aluminum paint, 
at $4.40 per gal......$2,591.60 
189 gal of all other colors, 


at $4.70 per gal...... 888.30 
120 gal of red oxide pri- 
mer, at $3.37 per gal 404.40 
3.846 man-hours of labor, at 
TUE ncitenctnttiens 6,845.88 
$10,730.18 


it will be noted that the man-hours 
vs. gallons of paint used were high. 
The reason for this is that practically 
all of the painting consisted of pumps, 
towers, lines, small rundown tanks, 
and other similar equipment that takes 
a large amount of labor for prepara- 
tion and application. 

In addition to this painting pro- 
gram, which we call plant-force paint- 
ing, we keep rigid appearance stand- 
ards on our storage tanks. This 
painting, however, is handled by con- 
tract, and the contract is let each 
spring for the number of tanks that 
require painting (usually about one- 
fifth of the storage tanks, or 10 per 
year). 

The same contractor has been han- 
dling this work for the past 10 years. 
We supply the paint, and he supplies 
the labor for preparation and appli- 
cation. The approximate price for this 
work for 1948 was as follows: 


25,000-bbl tank—$125 per coat 
10,000-bbl tank—$ 80 per coat 
5,000-bbl tank—$ 65 per coat 
2,000-bbl tank—$ 40 per coat 


We let a contract two years ago for 
the painting of TCC unit, but we found 
that this type of painting could be 
done much cheaper, and very much 
more satisfactorily, with plant painters. 


Justification of Housekeeping Costs 


Why do we spend the amount of 
money involved for this housekeeping 
program? 

First, we believe that it is tied in 
very closely with safety. Rigid con- 
trols on housekeeping cannot be main- 
tained along with faulty equipment, 
leaking gaskets, makeshift repairs, and 
the like. Policing the unit frequently 
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from the standpoint of cleanliness 
often calls attention to items which 
would become hazardous if neglected. 


Second, we know that it improves 
operating conditions and, therefore, 
improves yields. It is axiomatic that, 
if an operator is conscious of the ap- 
pearance of his unit, he will not toler- 
ate sloppy temperature control. Like- 
wise, if he will not permit steam leaks, 
water leaks, or oil leaks, he will not 
permit a smoking furnace stack; 
neither will he permit a tank to over- 
flow, or a product stream to continue 
to run off specification. We are not 
operating a refinery in Utopia, and we 
do not mean to infer that such condi- 
tions never occur. We do mean that 
our operating personnel are acutely 
aware of proper operating conditions 
and product quality, and we give a 
large share of the credit to their pride 
in the appearance of their equipment. 


Third, our sales department and 
distributors use the plant to a large 
extent in obtaining new customers. We 
welcome and encourage our distrib- 
utors to bring in groups frequently, 
and experience has shown us the prod- 
uct quality is easily “put across” if the 
prospective customer has been favor- 
ably impressed with the appearance 
of the refinery. Inasmuch as there 
would be no maintenance practices 
without customers, we feel that, again, 
we have an important point for the 

*housekeeping program. 


General Maintenance 
The second main division of main- 
tenance we would classify as “gen- 
eral.” 


This division should be discussed 
in several categories. 


1. Safety. Safety meetings are con- 
ducted monthly by the maintenance 
superintendent, These meetings are 
held in the locker room at 12:30, the 
normal time for the lunch period to 
end. As a general rule, they last ap- 
proximately one hour. A brief review 
of the last Michigan-Ohio fire and 
safety meeting, sponsored by the Na- 
tional Petroleum Association, is given. 
From our maintenance department, 
the maintenance superintendent and 
at least one other man have attended 
that meeting. 

The balance of the time is spent in 
an informal discussion of items which 
the men bring up in the interest of 
safety. The practice of safety by the 
men is shown by the fact that the 
maintenance department has com- 
pleted 10 months without a lost-time 
accident, as well as a period of 8 years 
without an accident that could be con- 
sidered other than minor. There have 
been no fatal accidents in either main- 


tenance or operations since the plait 
started in 1936. 

The men are all extremely conscie::- 
tious in their safety program, and at 
all times they wear protective helme's. 
Safety shoes are not required, but are 
recommended; and many of our main- 
tenance-department men wear the ap- 
proved type. 


2. Purchasing and Storerooia. 
This department is of vital importance 
to the general maintenance of a small 
refinery. All stock items are main- 
tained by the well-known system of 
perpetual inventory and, as a general 
rule, this runs very smoothly. We carry 
a warehouse stock of parts, valves, 
fittings, pipe, and similar of approxi- 


"mately $75,000. Experience has deter- 


mined that such a stock will take care 
of 90 per cent of our needs. That un- 
predictable 10 per cent may mean the 
difference between a breakdown of 
one unit for a short time, or a longer 
breakdown that might force down 
other units due to their semi-depen- 
dency. It is in these emergencies that 
the purchasing agent must be able to 
locate the necessary. material almost 
immediately, and to arrange with the 
maintenance superintendent to get it 
to the plant. In this respect, the small 
refiner realizes the importance of pur- 
chasing from a manufacturer’s agent. 
Such agent will always work with the 
purchasing department, and usually he 
knows where the material is located 
that can be spared until it can be re- 
placed from the manufacturer. The 
purchasing agent’s work in keeping a 
small refinery onstream never becomes 
routine or monotonous. 


3. Regular Plant Maintenance. We 
operate on the plan of standing and 
special work orders. Standing work 
orders are numbered from 1001 to 
1030, listed as follows: 
1001—Topping-plant repair and 
maintenance. 
1002—TCC cleanout and inspection. 
1003—Treating-plant repair and 


maintenance. 
1004—Ethyl-plant repair and mainte- 
nance. 
1005—Asphalt-plant repair and main- 
tenance. 


1006—Office-building maintenance. 

1007—Crude-unit cleanout and in- 
spection. 

.008—Auxiliary-buildings mainte- 
nance. 

1009—Tank-car loading-rack mainie- 
nance. 

1010—Truck loading-rack mainie- 
nance. 

1011—Steam-plant repair and main- 
tenance. 

1012—Tank-farm maintenance. 
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refines lubricating oil and then 


£ AT LUBE - the spent adsorbent cake serves 
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THE USE OF FILTROL CAT LUBE ALSO ASSURES 


THESE ADVANTAGES: 


1. No filter cake disposal problem. 
2. Oil in filter cake is salvaged. 


. 3. Provides a constant supply of catalyst 
at practically no cost. 





An example of the successful use of Filtrol Cat Lube is the 
highly favorable experience of the Sinclair Refining Company 
e which has been continuously using Filtrol Cat Lube for a year 
and a half with outstanding results in both lube processing 
and catalytic cracking. 


Se ° Sinclair Refining Company was the first of many progres- 


sive refiners to take advantage of the economies made possible 
e- ADSORBENTS © CATALYSTS © DESICCANTS 





only through the use of “double duty” Filtrol Cat Lube. 


Write for information 
FILTROL CORPORATION 


n- General Offices: 727 West 7th Street, Los Angeles 17, California 


Plants: Vernon, California and Jackson, Mississippi 
“TM. REG. U.S. PAT. OFF. 
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\013—-Control-laboratory mainte- 


nance. 

1014—Research-laboratory mainte- 
nance. 

1015—General yard-equipment main- 
tenance. ; 

1016—Oil-separator operating and 
maintenance. 

1017—Water-system repair and main- 
tenance. 

\018—Sewer-system repair and main- 
tenance. 


1019—-Warehouse maintenance. 

1020—Closed out. 

1021—Closed out. 

|022—-TCC repair and maintenance, 

|023——Parking-lot maintenance. 

1024-—Sales-department requests. 

1025—General plant cleanup. 

1026—Reformer repair and mainte- 
nance. 

1027—Reforming-unit cleanout and 
inspection. 

1028—Closed out. 

|029—Lubricating-oil-department ex- 
pense. 

1030—Sales-department service-sta- 
tion expense. 


\s will be noted, all of the fore- 
going standing work orders cover only 
such work that can properly be charged 
to expense. All work that can be con- 
strued as capital investment must be 
handled by a special work order. 

A list of these standing (and all 
open special) work orders are posted 
at the storeroom window and in the 
locker room. All material requisi- 
tioned must carry a work order num- 
ber. Each man, before he goes home, 
is responsible for filling out a time 
sheet which gives a brief description 
of the job, the time spent on the job, 
and the work order number. If, as is 
generally the case, the man has been 
on more than one job during the day, 
he lists all jobs on the same time sheet. 
The following morning the mainte- 
nance superintendent goes over the 
time sheets and approves each one, 
Inasmuch as so few men are involved, 
and as the superintendent is quite fa- 
miliar with the location of all work in 
progress, he can approve these time 
slips and work order numbers in less 
than half an hour. Although a time 
clock is in use and time cards are 
checked against time slips, the work 
sheet that is made out and signed by 
the man himself is the official report 
used by the payroll department for 
determining an individual’s pay check. 
Before this plan was adopted, we had 
had a lot of forgetfulness. Now, how- 
ever, inasmuch as a man is put to con- 
siderable trouble in making out a time 
sheet after the due date has passed, 
such neglect is a very rare occurrence. 


Special work orders must be re- 
quested by the general superintend- 
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ent, They are numbered serially, be- 
ginning with No. 1, continuing 
through 900 and then beginning again 
with No. 1. It would be confusing to 
go beyond 900, as operating - unit 
charges begin at that point. For in- 
stance, during 1948 there were only 
37 special work orders issued; thus 
it can be seen readily that, at this 
rate, several years would elapse be- 
fore ‘special work order numbers 
would be repeated. Consequently, 
there can be no confusion in allocat- 
ing labor and material to the proper 
job. As inferred previously, these spe- 
cial work orders are generally con- 
nected with new construction and, 
therefore, are capitalized. However, if 
isolated expense work arises that can- 
not be properly charged to a standing 
order, then a special order is issued. 

Scheduling work. How is the work 
scheduled? All of the foremen are 
quite familiar with the routine main- 
tenance that comes under their depart- 
ment and the men who work under 
them on such jobs. They are also fa- 
miliar with the work for which they 
are responsible on the open special 
work orders. 


The foremen place their men, and 
they are working with them almost 
immediately after the whistle blows at 
8 a.m. The assistant superintendent 
approves the maintenance requests, as 
listed in the operators’ repair book, 
at each unit the first thing in the morn- 
ing and then meets with the general 
superintendent. As soon as the main- 
tenance superintendent has finished 
approving the time sheets, he joins 
this meeting for a general discussion 
of the status of the maintenance de- 
partment’s work. At this meeting the 
urgency of the uncompleted special 
work orders is discussed thoroughly, 
and often this results in the shifting 
of one or more men to speed up one 
or more jobs. 

Emergencies. An emergency, from 
the standpoint of the maintenance de- 
partment, is a job that must be rushed 
in order to maintain throughput, or to 
get a unit back onstream if it has had 
to be shut down. These are the jobs 
on which overtime is the rule rather 
than the exception but, fortunately, 
they are rare occurrences. Everything, 
except safety or absolutely essential 
repair maintenance, is stopped — and 
everyone concerned is in conference 
often enough to keep the necessary 
labor and material on the job until it 
is completed. The general superin- 
tendent, personally, usually handles 
the coordination of such jobs, be- 
cause he is in almost constant touch 
with maintenance, operations, pur- 
chasing; and he calls on the adminis- 
trative management’s assistance when- 


ever this is required or deemed de. 
sirable. 

Emergencies, either night or day, 
caused- by the failure of equipment 
that needs the attention of one spe. 
cialist are handled directly by the op. 
erator, with the foreman involved and 
the assistant Superintendent bcing 
notified as soon as practicable. Exam. 
ples of such emergencies are the {ail- 
ure of a gas compressor on the TCC 
unit, the failure of an electrical cir. 
cuit, or the failure of a vital instru. 
ment. These, also, we are happy to 
state are rare occurrences. 


4. Salvage. The salvage depart. 
ment is more like an operating unit 
than a part of the maintenance, except 
that it is under the maintenance su- 
perintendent; and the two men in this 
section are available at all times for 
rush maintenance work. This depart- 
ment is staffed by a first-class machin- 
ist and a machinist’s helper. All mate- 
rial removed on a repair or replace. 
ment job is gathered and sent to the 
salvage department. There it is either 
cut up and sold as scrap; or it is re- 
built to new specifications, painted for 
identification, and sold to the ware- 
house for 50 per cent of the new price. 
When available, rebuilt rather than 
new equipment or parts must be 
issued by the warehouse except for 
certain hazardous locations or uses 
for which new material is specified. 
We have not as yet been able to deter- 
mine the difference in performance or 
wear of salvaged equipment as com- 
pared with new. 


The salvage department has an op- 
erations unit number, and all material 
charged against it is handled just as 
warehouse material is charged to the 
TCC unit. Whenever specialized work 
is required from another branch of 
maintenance, its labor and material 
are charged to the salvage depart- 
ment. Occasionally; even specialized 
labor outside of the refinery is re- 
quired — which, of course, is also 
properly charged. 

All of these charges, subtracted 
from the sales to the warehouse and 
to the scrap dealer, result in a profit 
or loss to the salvage department. So 
far it has been a very profitable de- 
partment, as well as being an import- 
ant phase of good housekeeping. 

One interesting example of the sal- 
vage department’s work concerns the 
elevator chain on the TCC unit. As 
you who are opening TCC units know, 
a chain has a life of approximately 
two years. However, it has worn only 
on one side and, by being rebushed 
and by having the pins turned, it will 
have an additional life of approx- 
mately two years. We were solicited 
by a company that had rebuilt several 
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chains for major oil companies, and 
it requested the job of rebuilding our 
chain at a cost of $11.40 per link or, 
with 634 links, at a total cost of $7,- 
227.00, plus freight on 8 tons to Texas 
and back. After a discussion of the 
job with a representative of the manu- 
facturer of the chain, our salvage de- 
partment stated that it could show a 
profit at $7.00 per link. This estimate 
was accepted, and the salvage depart- 
ment was allotted one year to do the 
job without permission to accumulate 
normal salvage. In less than 7 months 
the chain was rebuilt at a cost of $6.18 
per link, with purchased material ac- 
counting for $3.92 per link. It can 
easily be seen that this represented a 
saving of more than $3300. 


5. Construction. This paper deals 
with the maintenance practices in a 
small refinery; but construction, inso- 
far as it is handled by the maintenance 
department, must be touched upon 
briefly. Our plant-force construction 
program is based on the premise that 
we need trained men to handle ab- 
normal maintenance such as unit shut- 
downs, cleanouts, and similar. Any 
construction work that we can do to 
keep the force busy during the periods 
of normal maintenance we undertake. 
Other construction work is contracted 
for. Naturally, we would not attempt 
a major construction job; neither 
would we take on a minor capital im- 
provement if our maintenance depart- 
ment were far behind in its program. 
Neither the type of the project nor 
the dollar value is the deciding factor. 
As an example, our maintenance de- 
partment constructed a 60 by 120 
masonry warehouse building; yet we 
contracted for a 20 by 40 masonry fire 
house. 


It becomes advantageous at times 
to undertake a portion of a project 
and contract a portion. An example 
of this was the revamping and the 
doubling of the capacity of our crude 
unit, The furnace was purchased from 
Petro-Chem and erected by Fluor; yet 
the maintenance department erected 
the prefractionator tower, set in larger 
pumps from time to time, revamped 
the lines, and then made the tie-in of 
old and new equipment during a 
major shutdown of the unit. 


One fairly extensive construction 
project, which the maintenance de- 
partment undertook, was the erection 
of a vacuum tower, two oxidizing 
tanks, and the construction of a com- 
plete asphalt plant. This was a project 
which required approximately $30,- 
000 worth of labor. 

It is very doubtful, unless a change 
of policy is instituted, whether we 
can undertake such types of projects 
in the near future because of the fact 





that, although the catalytic cracking 
unit did not materially affect the man- 
power required for abnormal mainte- 
nance, it has added substantial re- 
quirements to normal maintenance. 

We have, on an average, 12 special 
work orders open at all times. Most 
of these come under the category of 
construction, and they range from 0 
to 99 per cent completion. As exam- 
ples, we list the following work orders 
open as of January 1, 1949: 


215—Convert south bank of tubes in 
reformer to viscosity - break- 
ing operation. 

224—Construct tank foundations and 
dikes for four 25,000 - bbl 
tanks. 


228—Change over and construct pow- 


er line to back tank farm: - 


and install Byron - Jackson 
transfer pump, motor, and 
necessary piping. 

230—Build and install lime-slurry in- 
jector for TCC unit. 

231—Build and erect new sub-station 
for west bank of transform- 
ers. 


234— Install oxygen recorder at steam 
plant. 


235—Install used tank and necessary 
piping for sulfuric-acid stor- 
age at boiler house. 

236—Lay concrete paving at truck- 
loading dock. 

237—Install additional caustic - con- 
tact tower at treating plant. 

238—Install Byron - Jackson pump 
and Smith meters at truck- 
loading rack. 

239—Build and erect pilot phenol-dis- 
posal unit. 

240—Construct pump houses for 
three new water wells. 

This type of work order must nec- 
essarily be scheduled far in advance 
because, on an average, only three 
jobs can be completed in a month, 
and many are open for six months or 
longer. It would be disastrous to our 
maintenance program if we were to 
call for a triple-A priority on more 
than one or two jobs at the same time. 


Inspection and Cleanout 


The third division of maintenance. 
and the division which determines the 
minimum manpower, is_ inspection 
and cleanout. 

At this point may we state that it 
is our opinion that a tremendous 
amount of credit for the safe and ex- 
cellent maintenance practices of a 
small refiner should be given to the 
Universal Oil Products Company. 
Every small refiner who has, or has 
ever had, a Dubbs cracking unit (and 
that represents a large number) is 
aware of the rigid inspection program 
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set up for that unit, and which is main- 
tained on a regular schedule by the 
inspection department of that organi- 
zation. One highly qualified metal in- 
spector and, when necessary, addi- 
tional engineers are sent in to super- 
vise and actually work with the main- 
tenance department during these in- 
spections. Inasmuch as their require- 
ments have always been extremely 
rigid, yet practical, the result is that 
both refinery management and the 
maintenance personnel have become 
quite conscious of the benefits of 
thorough inspection and adequate 
normal and preventive maintenance. 
This inspection has always been of- 
fered as a service, and it costs the 
refiner nothing over his normal roy- 
alty payments. On request, this same 
service has been extended to crude 
units and other equipment not under 
a license agreement. In addition to 
the inspection, general refinery engi- 
neering has been available from this 
organization for the purpose of assist- 
ing a small maintenance department 
to undertake construction that met 
rigid specifications. Such type of serv- 
ices has resulted in many of the thor- 
oughly trained UOP personnel accept- 
ing responsible permanent positions 
in these small’ refineries. In fact, it 
would be our opinion that there are 
very few modern small refineries in 
existence today in this country that do 
not have one or more UOP-trained 
men in their personnel; and such 
men, as a general rule, have substan- 
tial weight in establishing mainte- 
nance policies. Both our general su- 
perintendent and our former assistant 
superintendent are in this category. 


When it appeared that we might 
select a TCC unit, this inspection and 
engineering service was given very 
careful consideration, and we were 
assured by the Houdry Process Cor- 
poration that it was geared for identi- 
cal services. We are happy to relate 
that these people have been giving 
the same thorough inspection and en- 
gineering work on the TCC unit as we 
formerly obtained for the Dubbs unit, 
and which we are still obtaining from 
UOP for the thermal reforming unit. 


By the experience gained through- 
out the years, we have been able to 
set up, within our own personnel, ade- 
quate inspection services and records 
for the balance of our equipment. 


Inspection and cleanout shutdowns 
are exceptionally well-planned and 
scheduled events. Just as soon as ex- 
perience shows the frequency rate of 
a unit, it is set up on a yearly schedule. 
At the present time we have no units 
which require énspections more fre- 
quently than once per year. We have 
sufficient minor shutdowns of a few 
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REPAIR LEAKS 


QUICKLY — PERMANENTLY 


SKINNER-SEAL PIPE JOINT CLAMPS stop 
leaks at joints. Put on under pressure — with- 
out interruption of service. Quick, simple, 
lasting repair. Sizes 1/2" to 24’’inel. in stock. 








— to stop every type of collar leak in 
oil and gas lines. Sizes: 2’ to 13” inclusive. 


M.B. SKINNER COMPANY 


SOUTH BEND 21, INDIANA, U.S.A 
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heavy duty, rigidly constructed, and extremely 
simple in design. Illustrated bulletin, giving 
full details, available upon request. 


WHC N«Co. 


HOUSTON .... NEW ORLEANS. 


C-34 





SKINNER-SEAL COLLAR LEAK CLAMP—de- 


("a Jed 
obs sc Vand 








| 


| 


hours’ duration on the units in order 
that we may spot-check potential 
hazards in case there has been a sig- 
nificant change in the composition of 


the charge stock. . a 


The schedule in effect at present is 
as follows: 


Crude unit and one 150-hp boiler— 
June. 

TCC unit, cooling tower, and 350- 
hp boiler—April. 

Reforming plant, LPG unit, and 
one 150-hp boiler—October. 

The TCC unit had been set up for 
November and April but, after the 
first two inspections, it was scheduled 
yearly. The operations budgets are ar- 
ranged so that product availability 
does not upset this schedule. 


Planning a Shutdown 


At least six weeks before the sched- 
uled shutdown a meeting is held, 
which brings in all foremen and all 
operating personnel involved who are 
not on shift at the time. The agenda 
of such a meeting follows: 


1. The shutdown repair book of the 
unit is discussed item by item, and 
a decision is reached on each re- 
quest. (At each unit we have two 
maintenance books, one for nor- 
mal and one for shutdown work.) 

2. The last written shutdown list is 
reviewed item by item, and those 
which need attention for the com- 
ing shutdown are checked. 


3. The written inspection report from 
the preceding inspection is dis- 
cussed point by point. 

4. The list of materials which should 
have been ordered before the 
meeting is checked in order to 
ascertain whether the materials 
have come in and are on hand, or 
whether they will be delivered on 
the date indicated. . 


5. Determine whether a fepresenta- 
tive of the manufacturer of any 
major equipment should be re- 
quested to be present during all or 
part of the shutdown. 


6. The definite date and time for 
shutting down the unit is set. 


The length of the shutdown is dis- 
cussed and tentatively set. 


A secretary is present at this meet- 
ing to record each decision made and, 
when requested, to take a report of 
any discussion. 

As soon as possible after this meet- 
ing, a complete shutdown work list. 
separating the work by departmental 
headings, is prepared by the general 
superintendent, and copies are sent to 
all foremeri and posted on the unit 
bulletin board. ~ 

From that point on, the mainte- 
nance superintendent is responsible 


“I 


for working closely with the purch:as. 
ing agent to assure that all mateial 
is on the job on time. 

One week before the shutdown ap. 
other general meeting is held, and the 
maintenance superintendent outlines 
the work schedule; this schedule gives 
an estimated man-hour breakdown of 
the various jobs and the procedure for 
attack, so that all work will end at 
approximately the same time. Natural. 
ly, such an estimate can only be a 
guide, and it must be juggled con. 
stantly after the shutdown begins. 

Lists have been prepared dividing 
all personnel, except operating, into 
two 12-hour shifts, 6 days per week. 
The operating men remain on their 
regular 8-hour shift, but they act as 
supervising foremen over a particular 
section of the unit. 


After this meeting the final job and 
assignment lists are typed and dis- 
tributed; and, during the week, de. 
tailed checks are made of material, 
special cleanout equipment, and simi- 
lar. 


We admit frankly that we were 
quite anxious concerning the first 
turnaround of the TCC unit. We had 
read of records being made turning 
around catalytic cracking plants in 
21 days with only 360 men. On this 
basis, it would appear that we could 
run for six months and clean out for 
six months. Our maintenance super- 
intendent had spent a lot of his time 
on the unit during construction, and 
he consistently insisted that he could 
take care of the turnaround with his 
plant force in less than three weeks. 
The job was completed in 264 hours 
with an expenditure of a total of 5053 
man-hours; 501 hours, or almost 10 
per cent, of the turnaround labor was 
accounted for by the necessitv of re- 
placing carbon-steel lines with 4- to 
6-per cent chrome around the tar sep- 
arator. These lines had been in service 
for several years on the Dubbs unit, 
and probably should have been re- 
placed during the tie-in work of the 
construction project. 

The details of this first turnaround 
were published in the Petroleum Re- 
finer 27 [3] March (1948) and, there- 
fore, we shall not repeat the informa- 
tion in this paper. 


Outside Assistance 


In an inspection of the crude unit, 
LPG plant, treating plant, and miscel- 
laneous equipment, we require no out- 
side assistance. We have a chemical 
engineer who normally spends one- 
half of his time on supervising and 
working on daily refinery yields, and 
the other half as combustion enginee!. 
This man is made available during 
turnarounds, and he works in the ca- 
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ia Today, petroleum refiners use about 1,000 different chemicals in their 
me routine operations, many of them in large volumes. Away up in number two 
. slot on this formidable list is sorptive minerals—to the tune of some 200,000 
his tons per year. Adsorbents, as vital processing chemicals, are second 
ks. only to sulfuric acid. | 
ITs 
2 It is all the more significant, then, that Attapulgus Fullers Earths and Porocel 
yas Activated Bauxites have become recognized standards in the field of 
re- adsorbents. As of now, at least a billion barrels of petroleum cuts—from the 
ho lightest distillates to the heaviest lube and wax fractions—have been treated 
ire by Attapulgus or Porocel materials to gain remarkable finished value. 
nit, 
re: This all adds up to a lot of specialized experience—intimate acquaintance 
the with the process techniques for removing odors, colors, tastes, moisture, 
wil acids, sulfur, fluorides and unsaturates from hydrocarbons, as well as 
Re- for systems employing solid catalysts. And, of equal importance, laboratory 
ved and plant experience with the many treatments which precede the application 
of our two basic materials to specific adsorbent jobs. 
Perhaps our broad knowledge can be of real help to you in selecting the 
nit, right adsorbent and the right conditions. Our staff is at your service, 
ws without obligation. 
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- Dept. Y, 210 West Washington Square, Philadelphia 5, Pa. 
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pacity of metal - inspection engineer. 
From having worked with Universal 
Oil Products Company and Houdry 
Process Corporation metal inspectors, 
he has become proficient in that ca- 
pacity. He follows the established pro- 
cedure of hammer-testing, drilling, 
and calipering through the open ends 
of pipes, tubes, and mianways. As 
soon as possible after the turnaround 
he prepares an extensive report which 
lists all measurements, work done dur- 
ing shutdown as a result of the inspec- 
tion, and a schedule of work to be 
done at the next shutdown. He also 
keeps a complete record of changes 
made between planned turnarounds. 


In an inspection of a boiler, we re- 
quest a man from the insurance com- 
pany; and he advises on the work, ap- 
proves the boiler, and later submits a 
complete report on the inspection. 


In an inspection of the thermal re- 
former, we schedule a qualified UOP 
inspector, and he supervises the job 
generally and takes all measurements 
personally with the assistance of our 
inspector. We are later supplied by 
UOP with a complete report of the 
inspection part of the turnaround, 
which report shows the work com- 
pleted on recommendation of the in- 
spector and the work to be done dur- 
ing the next shutdown. 


In an inspection of the TCC unit, 
the Houdry Process Corporation 
sends a qualified metal inspector and 
two engineers. The inspector super- 
vises the inspection work, and person- 
ally takes all measurements with the 
assistance of our inspector. The two 
engineers, with the assistance of help- 
ers provided by us, go throughout the 
entire unit for the purpose of making 
visual inspections and comparing the 
results with those of the last written 
report. Within approximately two 
months we receive six copies of a very 
detailed report of the inspection. To 
give an idea of this report, we list the 
table of contents of the third inspec- 
tion report on the turnaround of April 
1949 as follows: 


Table of Contents 
Page 
LOG OF LEONARD TCC UNIT 
OPERATIONS .................... silliee 1 
TCC STREAM EFFICIENCY... 3 
CRACKING SECTION 
A. Kiln and Associated Equip- 


BE. thnannnhagatcsincis inaenwatninansics ‘ 
B. Reactor and Associated 
a 24 
C. Catalyst Piping .................... 31 
D. Catalyst Chopper Valves...... 31 
E. Hot Catalyst Elevator .......... 31 
2; ees. See ts 32 
DISTILLATION SECTION 
a Se 34 


B. Pressure Vessels .................. 45 
C. Exchangers, Coolers, and 
OO Ee 63 
D. Pumps and Compressors .... 68 
E. Piping ......... MEY: i RR 74 
MISCELLANEOUS 


A. Shutdown Man-Hour Re- 


| Re 10), 


B. Recommendations for Re- 
pair and Renewal ................ 102 


In addition to the Houdry person- 
nel, we request the following outside 
technical assistance, which is always 
cheerfully supplied: 


An engineer from the Jeffrey Manu- 
facturing Company to inspect and 
make recommendations concerning 
the catalyst elevator; approximate 
time required, 4 days. (On the third 
inspection, this engineer supervised 
the removal of the old chain and the 
installation ef a new chain and head 
shaft. He was on hand for almost two 
weeks. ) 


An engineer from the Ingersoll 
Rand Company to inspect and make 
recommendations concerning the gas- 
driven gas compressors (2 days). 


An engineer from the Young C. 
Smith Company to inspect condition 
of the Murray turbine which drives 
the main water-supply pump (1 day). 


Also, occasional requests for repre- 
sentatives of the company which 
manufactures equipment which might 
have been giving trouble or excessive 
maintenance during the run. 


For several years, on any unit shut- 
down, we worked seven days a week, 
with no time off until the unit was 
onstream. For the past two years we 
have been scheduling our turnarounds 
on a six-day week, and we find that 
we get a faster and better job. Even 
though we pay double time for the 
seventh day, the men are almost 
unanimously in favor of the day of 
rest. Of course, the operators continue 
on a seven-day week, as their day off 
is on a regular schedule, but these 
men are used very profitably on Sun- 
day in general cleanup work around 
the unit. 


We hope that some of you will be 
able to gain some ideas from our more 
or less detailed statement of our main- 
tenance practices, inasmuch as a great 
many of them were brought about by 
adoption of the ideas of others. 


We desire to thank publicly all of 
the companies mentioned in this paper 
for their part in assisting us to main- 
tain our refinery in first-class condi- 
tion. Others, too numerous to men- 
tion in a paper of this kind, also are 
of great help. The main credit, how- 
ever, must be given to our most ca 
pable and. most loyal refinery per- 
sonnel. 2* 
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CONTACT COKING' 


New type of process has been developed differing from delayed 


coking and producing a catalytic cracking unit charge stock. 


Tus paper presents a study of the 
effect of adding contact coking to the 


existing equipment in a typical Cal-_ 


ifornia refinery. This process offers 
an economical method of converting 
reduced crudes into maximum yields 
of cracking stock readily convertible 
into high quality gasoline. It mini- 
mizes fuel oil production in the re- 
finery and releases valuable mid-bar- 
tel distillates currently used for fuel 
oil blending. In order to obtain the 
maximum benefit from the coking 
process, additional catalytic cracking 
capacity should also be provided in or- 
der to enable the refiner to meet the 
present gasoline octane requirements. 


Presented before California Natural Gasoline 
Ass-ciation, Los Angeles, October 7, 1949. 
*Yhe Lummus Company. 


A. H. SCHUTTE* 


Basically, contact coking consists of 
applying a residual stock to a con- 
tinuous stream of preheated coke 
particles produced in the process. The 
operating conditions are so adjusted 
that the charge oil boiling above the 
range of the desired gas oil product 
is taken up on the coke particles as a 
thin non-viscous liquid film. The wet- 
ted coke particles are then allowed a 
residence time of 15 to 40 min in a 
moving bed maintained at sufficient 
temperature to convert the liquid oil 
into gas, gasoline, gas oil, and coke. 
By properly adjusting the coke to oil 
ratio and the particle size range of the 
circulating coke stream, a free flowing 
condition is obtained and the bed par- 
ticles may be readily drawn off and re- 
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heated for recirculation to the oil con- 
tacting zone. 


Development work on this coking 
process has been carried out during 
the last 6 years and has been de- 
scribed in an earlier publication. The 
data and experience obtained from 
this work give a firm basis for the de- 
sign of large commercial units. 


A typical contact coker flow dia- 
gram is shown in Fig. 1. If the reduced 
crude charge contains material boil- 
ing in the desired product gas oil 
range, it may be fed to the bottom sec- 
tion of the synthetic tower and the 
virgin gas oil directly distilled. The 
reduced crude and recycle from the 
bottom of this tower is then preheated 
iri a conventional oil heater to a nor- 
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mal temperature of 800 to 850 F and 
thoroughly mixed with the coke cir- 
culating stream in a contacting zone 
located above the reactor. The coke 
flows down through the reactor, 
through a sealing zone and enters the 
reheater where it is heated by a com- 
bination of radiation and convection 
to the proper temperature for recir- 
culation. In the unit shown, the coke 
recirculation is done by means of a 
pressure lift. The coke particles grow 
in size approximately one thousandth 
of an inch with each pass through the 
reactor and net coke production mani- 
fests itself as an increase in reactor 
inventory. Product coke is drawn off 
to maintain the inventory essentially 
constant. Usually the largest particles 
of the circulating stream having a 
major dimension of 34 of an inch are 
withdrawn as product through a siz- 
ing device; either by screening or by 
elutriation. The circulating coke in the 
unit will normally contain particles 
ranging in size from jg in. to 34 in., 
and in order to prevent a general in- 
crease in particle size, an adjustable 
sizing crusher is provided that may 
be set to crush the largest particles in 
a small recirculating stream. ‘As the 
coke is laid down in very thin lay- 
ers, and -is subjected to partial cal- 
cination in the reheater, it is high in 
density, low in volatile matter, and 
high in mechanical strength. 

The plan and elevation of a typical 
contact coker is shown in Fig. 2. It 
will be noted that the arrangement is 
compact and that no water circulation 
and clarification equipment is in- 
volved. The product coke may be mn 
directly to shipping cars alongside the 
unit or it may readily be transported 
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FIG. 2. Plan and elevation 
of a typical contact coker. 





ELEV. 163’-0"5 fies" 































































\ fs 
1 RR 
eels 
| 
ELEV.131-0"» —_— oa 
ier 
: iecenal 
hr 
ets b 
| fst 
| vtec 
| [ek 
D-1 
| 
| 
SIZING ROLLS 
CENTER NOZZLE, _NN 
ELEV. 787-0” 
CONVEYOR 
GRADE ELEV. 0’-0”-» an 


ELEVATION A-A. 








as a dry, uniform size material to stor- 
age, or to points of use, if it is being 
burned in the refinery. 

In order to show the effect of add- 
ing contact coking and additional cat- 
alytic cracking, a typical refinery sit- 
uation shown in Fig. 3 has been 
chosen as the original case with the 
refinery operating without coking fa- 
cilities. In this case, the refinery is 
charged with 33,000 bbl per day of 


FIG. 3. Original case—no coking—33,000 bbl a day 


- ILLATE 
4650 B/D (14.1%) 


24 gravity Wilmington crude and op- 
erates with crude topping catalytic 
cracking, thermal cracking, and dis- 
tillate treating. The products are gas, 
mid-barrel distillates, premium and 
house brand gasolines, and Bunker 
C fuel oil. It will be noted that the 
total gasoline production amounts io 
36.5 per cent and Bunker C fuel oil 
to 44.5 per cent on crude. 

Case A shown in Fig. 4 charges the 


24° API crude. 
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CHEMICO 


P-A VENTURI GAS SCRUBBER 
offers HIGH efficiency 


Activated carbon dust from rotary Iron sii dust from emgueteneet sont oxide fume 
dryer. P-A Venturi Efficiency ... . 98% open hearth. P-A Venturi Efficiency . 99% blast fur: “A 
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The Electron Micrographs above show the type of 
dust particles the Chemico P-A Venturi Scrubber 
removes almost completely from industrial gases. 
Equally important, the price of efficient P-A Venturi 
performance is low . . . in initial cost of the equip- 
ment, in maintenance and water requirements. 


For gas scrubbing, for recovery of valuable metals 
and chemicals or for absorption of odors, it will pay 
you to investigate the Chemico P-A Venturi Scrubber. 





NEW 8-PAGE 
BULLETIN 


Fully illustrated Bulletin M-102 
gives performance data and case 
histories on both the Chemico 
P-A Venturi and Cyclonic Gas 
Scrubbers. 


Write for your copy today. 
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488 MADISON AVENUE, NEW YORK 22, N. Y. 
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FIG. 4. Case A—Contact coking and recycle catalytic cracking—33,000 bbl a day of 24° API crude. 
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ping, but in this case the reduced minimum of thermal cracking. This heavy cycle going to fuel oil. It will be 
crude is charged to a contact coker _ results in a catalytic cracking charge noted that when producing the same 
producing catalytic cracking stock as = of a quality very nearly equal to a mid-barrel distillate yield, the total 
a major product. As the charge tothe —virgin. stock and permits optimum gasoline production has increased to 
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elevated temperatures involved incon- — on subsequent catalytic cracking. In to about 11 per cent on crude. 
ventional delayed coking and as the _ Case A the catalytic cracking has been A lower investment cost for new 
vapors are removed from the contact set up at 0.7 to 1 recycle ratio, the _ facilities at somewhat decreased gaso- 
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FIG. 6a. Comparison of operating schemes. 
Original case — no coking 
Per cent on 
B/D charge 
Crude charge capacity . 33,000 100.0 
Composite refinery yield 
Premium gasoline, (97 R.V.P. 81.5 M.M, 91.5 RM)..... 4,815 14.60 
Household brand gasoline, (104 R.V.P. 75.5 M.M, 81.5 RM) 7,210 21.85 
Total gasoline. . : 12,025 36.45 
Mid-barrel distillates........................----.... 4,650 14.10 
Bunker C fuel oil... . . er 14,684 44.50 
Gas to fuel, (F.O.E.).... *1,815 *5 45 
Excess C4’s, (FOE), Sn 
Coke products, (F.0.E.) 
Unit price 
Product values /Bbl 
Premium gasoline, $/D.. 5.46 26,300 
Household brand omg yy $/D. 4.87 35,200 | 
Mid-barrel distillates, $/D 3.40 15,820 
Bunker C fuel oil, $/D.. 1.25 18,370 
Gas to fuel (F.O. BE. ), $/D.. 1.25 *2,240 
Excess Cy’s (F.0.E.), $/D. 1.25 ; 
Coke products, $/D.. . $10/Ton 
Fotal, $/D...... 97 940 
Direct operating costs Capacity, B/D $/Day 
Crude topping........ 33,000 1,980 
Contact coking...... ee.) we | ae 
Catalytic cracking — reactor charge. 7,750 1,705 
Thermal cracking — total feed..... 15,000 500 
Cracked distillate treating 5,480 1,205 
WEES kin sc go 6,390 
T.E.L. costs, $/D....... Lore fed 1,816 
Indirect operating expenses, “SS eae 1,278 
Total expenses, $/D (not incl. fixed a or crude costs) . 9,484 
Differential earning, $/D ; 0 
Differential earning, $/Y: Rea 0 
Est. cost of new facilities: Contact ‘coking. . 3 
Catalytic cracking. . Uh oe ee Miads adie gv mated aaitawne ine tecimaeeriane, team 
Gas plant extension. . 
Total (battery limits only).. Fees 
* Includes excess C,’s. 
FIG. 6b. Comparison of operating schemes. 
Case A 
Contact — + 
recycle cat. crac 
Per cent on 
B/D charge 
Crude charge capacity . 33,000 100.0 
Composite refinery y ield 
Premium gasoline, (9/ R.V.P. 81.5 M.M, 91.5 RM)..... 7,270 22.03 
Household brand gasoline, (104 R.V.P. 75.5 M.M, 81.5 RM) 10,910 33.05 
Total gasoline....... 18,180 55.08 
Mid-barrel distillates 4,650 14.10 
Bunker C fuel oil... : 3,740 11.34 
Gas to fuel, (F.O.E.)..... 2,585 7.83 
Excess C,’s, (F.0.E.)....... 2,225 6.74 
Coke products, (F.0.E.)... ese ee 
: Unit price 
Product values $/Bbl 
Premium gasoline, $/D... 5.46 39,695 
Household brand a7 $/D. 4.87 53,155 
Mid-barrel —- $/D 3.40 15,820 
Bunker C fuel oil, $/D.. 1.25 4,675 
Gas to fuel (F.0.E.), $/D.. 1.25 3,240 
Excess C4’s (F.0.E.), $/D. 1. - 1,948 
Coke products, $/D... . $10/Tor 4,550 
is Seer cs Te sis Sah id Wee aea ka gecari nates sheeemmmses 123, 083 
Direct operating costs Capacity, B/D /Day 
Crude topping. .... , 33,000 1,980 
Contact coking. . 11,200 2,240 
Catalytic cracking — reactor charge. . 33,309 7,320 
Thermal cracking — total feed....... 8,850 885 
Cracked distillate treating. 2,990 658 
Total. 13,083 
iS dee 8 ae Ts, Ee i inch oa tind aan d whe Tne bdwsddd aed ERS OAR DENS 687 
ndireet operating expenses, $/D.......... 2,620 
Total expenses, $/D (not incl. fixed charges or crude costs) 16,390 
ifferential SS are 18,327 
ifferential earning, $/Yr................. 6,689,000 
Est. sost of new facilities: Contact coking. . 2,670,009 
Catalytic cracking ‘ botnet 
Gas plant extension. . 700,000 
Total (battery limits only). 8,840,000 
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line yield may be obtained by operat- 
ing the catalytic cracking on a once- 
through basis. This was done in Case 
B shown on Fig. 5. The fuel oil yield 
is increased about 41% per cent over 
the previous case but the total gaso- 
line yield of 51.6 per cent is still con- 
siderably higher than the original 
case without coking. 

The gasoline yields in all of the 
cases could be increased still further 
by the addition of catalytic polymeri- 
zation of the unsaturate gases. from 
cracking and by the thermal cracking 
of heavy catalytic cracking stock, but 
for purposes of simplification, these 
additional operating steps were not 
added to the present studies. 

A comparison of the original re- 
finery operation with Cases A and B 
is shown in Figs. 6a, b. and c. It has 





Jet Fuel 


Aeronautical engineers are en- 
gaged in experiments to widen 
the range of petroleum products 
which can be used for fueling jet 
plane engines. Kerosine, the cur- 
rent fuel, represents only about 6 
per cent of the products obtained 
from a barrel of crude oil. Present 
plans are to use about 50 per cent 
of the products refined from a bar- 
rel of crude, a mixture that would 
contain all the kerosine and gaso- 
line and about one-fourth of the 
heating oils in the crude barrel. 











been assumed that the refinery orig- 
inally had capacity for 10,000 bbl of 
catalytic cracking reactor charge and 
15,000 bbl of thermal cracking iotal 
feed. The products in the various 
cases were valued at representative 
prices and the direct operating costs. 
tetra-ethyl lead costs and indirect op- 
erating expenses were estimated. In 
this way, a total expense not including 
fixed charges or crude costs was cal- 
culated. The differential earnings of 
Cases A and B over the original op- 
eration are shown-to be $6,689,000 
per year and $6,208,000 per year re- 
spectively. The estimated cost of new 
facilities within the battery limits for 
these two cases are 8,840,000 and $5.- 
990,000. Allowing for items of cost not 
included in the tabulated figures and 
investment requirements outside of 
battery limits, which will vary in 
every refinery situation, it will be 
seen that the profitability of the cok- 
ing operation is good. 

The comparison in the preceding 
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FIG. 6c. Comparison of operating schemes. 





Composite refinery yield 
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Ree eee Ae 33,000 1,980 
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Case B 
Contact coking + 
once-thru cat. crack. 














tabulation was made on the basis of 
a Bunker C fuel oil price of $1.25 a 
barrel with gas and excess B-B valued 
at fuel oil price on a fuel oil equiva- 
lent basis. In order to determine the 
effect of fuel oil prices on the profit- 
ability of coking, these cases were re- 
calculated at several different prices 
for Bunker C fuel oil with the result 
shown on Fig. 7, which is a plot show- 
ing the differential earnings in mil- 
lions of dollars per year for Cases A 
and B at fuel oil prices ranging from 
$ .75 to $1.75 per barrel. 

If these comparison studies had 
been made with conventional delayed 
coking instead of contact coking they 
would still show an advantage for cok- 
ing but this advantage would be Jess 
pronounced. Detailed estimates that 
have been made show that contact cok- 
ing costs are only 60 to 75 per cent as 
much as a delayed coking unit of 
equivalent capacity. In addition to 
this, the operating costs for contact 
coking are lower as the decoking crew 
is eliminated entirely and the utility 
demand is decreased by eliminating 
the high pressure decoking water 
pump and attendant equipment. As 

the charge oil in contact coking does 
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not have to be heated to temperatures 
in the range of 900 to 920 F, the con- 
tact coker may be operated on very 
heavy residual asphalts and pitches 
that are generally considered inoper- 
able by delayed coking. The contact 
coking process offers more flexibility 
in product distribution in that the op- 
erating conditions may be varied to 
obtain a high degree or a very low 
degree of cracking. When operating 
at low temperature levels minimum 





More Gasoline, Less Crude 


Oil refining processes have 
been advanced by petroleum 
engineers to the point where 
today’s 20-gallon tankful of 
automobile gasoline can be 
obtained from one 42-gallon 
barrel of crude oil. That same 
tankful 30 years ago would 
have required two barrels of 
crude, while in 1910 refineries 
had to process four and one- 
half barrels of oil to squeeze 
out 20 gallons of gasoline. On 
top of that, today’s gasoline is 
an infinitely better fuel. 
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DIFFERENTIAL EARNING—MILLIONS OF DOLLARS PER YEAR 
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FIG. 7. Differential earning vs 
price of fuel oil. 


coke production. will be obtained and 
if it is desired to produce some fuel 
oil products the coke yield still may 
be further decreased. 

If additional thermal or catalytic 
cracking capacity is not available and 
new cracking facilities are not to be 
installed, the contact coker may be 
designed with a high temperature pre- 
heater and the product distribution 
and quality will then be the same as in 
delayed coking. At a later date, if 
more catalytic cracking is installed, 
the contact coker may be operated at 
lower oil preheat and higher yields of 
a near virgin gas oil will then be pro- 
duced for catalytic cracker charge. 

A 100-bbl per day semi-commercial 
contact coker is now under construc- 
tion in California and will be in op- 
eration in November. This unit has 
been designed to duplicate as nearly 
as possible the conditions of the large 
unit and will demonstrate the process 
in conclusive fashion. 

The author wishes to acknowledge 
the helpful interest of L. F. Strader of 
the Richfield Oil Corporation and 
Fred Hartley of Union Oi] Compzny 
and their associates. ee * 
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HYDROCARBON ANALYSIS” 


Determination of Straight-Chain Hydrocarbons by 


Urea-Adduct Formation Offers Great Possibilities 


W. J. ZIMMERSCHIED,* W. 


Tue quantitative determination of 
types of hydrocarbons in petroleum 
stocks has assumed increasing impor- 
tance as petroleum separation methods 
have become more refined. Suitable 
methods of analysis of complex hy- 
drocarbon mixtures have also becéme 
necessary in conjunction with the syn- 
thetic and semi-synthetic petroleum-re- 
fining processes, such as isomerization, 
polymerization, and hydroforming. 
To meet these needs various meth- 
ods have been developed for the quan- 
titative determination of the major 
types of hydrocarbons in a petroleum 
stock. A number of these methods clas- 
sify naphthenes and parafhns together, 
or at least do not differentiate between 
nparafins and isoparaffins.® 7 1° 11- 
Nevertheless, a few analytical methods 
for determining the actual nparaffin 
content have been described. Rossini 
et al> have analyzed certain hydrocar- 
bon mixtures—utilizing precise meas- 
urements of the boiling range, density, 
and refractive index of narrow cuts 
obtained from a very efficient fraction- 
ation of the sample. Infrared spec- 
trometric® analyses of hydrocarbon 
mixtures including as many as 10 
components have been made, but the 
usual procedure involves a distillation 
in which the mixture is cut into frac- 
tions of rather narrow boiling range. 
Much labor and time are involved with 
these methods. Selective adsorption of 
nparaffins on chabazite? and on coco- 
nut charcoal! offers analytical possi- 
bilities, but a severe limitation is 
placed on these materials by the facts 
that they are active only toward rela- 
tively low molecular-weight paraffins 
and that adsorption capacity is low. 
Recent publications® 4 14-15 have 
demonstrated that urea possesses the 
unique property of forming solid com- 
plexes with straight-chain organic 
compounds and of effecting their sepa- 
ration from isomeric mixtures. Of con- 
siderable promise as an analytical tool 
1P resented at a Symposium on Analytical Re- 
search during the 15th Mid-Year Meeting of the 
Amevican Petroleum Institute’s Division of Re- 
finine, in the Hotel Cleveland, Cleveland, Ohio, 
May i, 1950, under the title ‘‘Determination of 
—— Hydrocarbons by Urea-Adduct 


*Standard Oil Company (Indiana), research 
department, Whiting, Indiana. 


S. HIGLEY,” and A. P. LIEN* 


to aid in the analysis of hydrocarbon 
mixtures containing nparaffins is the 
technique of urea extraction. It is con- 
venient, and it presents distinct advan- 
tages over the foregoing methods, for 
a number of applications. However, in 
its present state it has not achieved the 
status of a precise and highly accurate 
analytical method, and it should be 
recognized that more development is 


‘necessary. 


It is the purpose of this paper to 
outline workable techniques, to illus- 
trate possibilities of the method, and 
to point out recognized limitations. 

For the sake of simplicity, the dis- 
cussion and illustrations will deal 
mostly with determination of nparafin 
hydrocarbons. The reaction and ana- 
lytical techniques are also applicable 
to the determination of nolefins; for 
example, in hydrocarbon synthesis 
products. Further application may be 
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made to linear derivatives of nparaf- 
fins, such as alcohols, esters, acids. 
ethers, and halides. In its present state 
of development the urea analytical 
technique for hydrocarbons is subject 
to molecular-weight limitations, viz.. 
to 7 or more carbon atoms for qualita- 
tive analysis, and to 14 or more car- 
bon atoms for quantitative analysis. 


General Procedure 
The use of urea as an analytical tool 


-has application in qualitative identifi- 


cation as well as quantitative determi- 
nation of nparaffins. A brief descrip- 
tion of the procedure used in each case 
follows: 

Qualitative. The presence of a straight- 
chain hydrocarbon containing more 
than six carbon atoms may be deter- 
mined by addition of a few drops of 
the sample to a saturated methanol 
solution of urea. Under such condi- 
tions the linear hydrocarbons readily 
form a precipitate; whereas isoparaf- 
fins, cycloalkanes, and aromatic hy- 
drocarbons provide no such evidence 
of adduct formation. 

Quantitative. For the quantitative de- 
termination of straight-chain hydro- 
carbons a weighed sample of the hy- 
drocarbon mixture is contacted with 
an amount of urea corresponding to 1 
mole per carbon atom of nparaffin 
present, plus 10 to 15 per cent by 
weight of methanol based on urea. If 
the original sample is solid or viscous, 
it is dissolved in a suitable urea-inert 
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solvent such as isopentane, isooctane, 
benzene, or carbon tetrachloride prior 
to reaction with urea. After 30 min to 
45 min of contacting at 25 deg C, the 
solid product is filtered from the 
mother liquor by suction, and is 
washed on the filter with 3 successive 
portions of cold isopentane (10 to 15 
deg C), corresponding roughly to a 
total of 6 volumes of wash liquid per 
volume of solid mass. The resulting 
adduct, plus excess urea, is removed 
from the filter, and is decomposed by 
adding sufficient water—approxi- 
mately an equal weight—to dissolve 
the urea. The upper liberated hydro- 
carbon layer is taken up in 3 to 6 
volumes of ether, and is separated 
from the aqueous layer. The ether is 
evaporated, and the hydrocarbon ex- 
tract is weighed to give the yield of 
urea-reactive straight-chain compo- 
nents. 


Theoretical Factors 


Although the main aspects of the 

chemistry involved in urea-adduct for- 
mation have been discussed broadly 
in a previous paper,!® closer examina- 
tion of certain phases of the reaction 
is desirable from the standpoint of an- 
alytical application. 
Activators. The nparaffins in petroleum 
fractions usually fail to form adducts 
when contacted with urea alone be- 
cause of the presence of substances 
which inhibit or prevent adduct for- 
mation. For this reason, as well as for 
others to be described, an activator is 
required. 

in contrast to petroleum stocks, pure 
nparaffins react with urea in the ab- 
sence of an activator; reaction in this 
case seems to initiate between the 
nparaflin and the small quantities of 
urea dissolved in the hydrocarbon 
phase. The use of an activator or sol- 
vent—such as methanol, ethanol, or 
acetone—greatly accelerates the reac- 
tion. The methanol is believed to bring 
about mutual solution of hydrocarbon 
and urea so that the controlling reac- 
tion of adduct formation occurs in a 
homogeneous liquid phase. The fol- 
lowing equilibria are presumably in- 


volved: 
Urea) +Ureaa . (1) 
nParaffiny, nParaflina (2) 
Urea + nParaflin*7 Adduct.a) (3) 
Adduct*+Adduct... (4) 
where: subscripts (s), (l), and (d) 
refer to solid, liquid, and dissolved 
phases, respectively. The controlling 
equilibrium for adduct formation in- 
volves equilibrium (3) in the dis- 
solved, or homogeneous-solution, 

phase. 
The following equilibrium constant, 

therefore, applies: 


K | adduct. ] 


- [urea] [mparafiine | 
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_ where: the bracketed expressions rep- 


resent the concentrations or, more cor- 
rectly, the activities of the respective 
materials. 

The important consideration for 
quantitative determination of linear 
compounds is the attainment of con- 
ditions that will drive the series of 
equilibria in equations (1), (2), (3), 
and (4) as far to the right as possible. 
For the reaction step (3), this involves 
as high a value as possible for K. The 
activator plays on important role in 
this respect, in that it brings the urea 
and the nparaffin into homogeneous 
solution, as shown in equations (1) 
and (2)—=so that the adduct-forming 
reaction [equation (3) ] may proceed 
at an optimum rate. The nature and 
concentration of the activator must be 
such that the equilibrium in equation 
(4) is maintained on the side of preci- 
pitated solid adduct. A number of 
other factors, discussed hereinafter, 
must also be considered in order to 


arrive at the desired maximum clean-: 


up of urea-reactive material. 
Molecular Weight. Stability of urea 
adducts varies directly as a function 
of the moleculer weight of the ad- 
ducted compound. With increasing 
molecular weight, the equilibrium in 
equation (3) is progressively dis- 
placed farther to the right, and the 
value of Kereaction becomes progres- 
sively larger; with hydrocarbons of 
18 or more carbon atoms, the adduct 
is very stable. Therefore, the deter- 
mination of intermediate miolecular- 
weight linear compounds is less accu- 
rate, and must be conducted under 
special conditions to attain reasonably 
dependable results. 

Temperature. It has been demonstrated 


that most urea adducts tend to dissw- 
ciate; i.e., the equilibrium of equation 
(3) is displaced to the left—at tem- 
peratures appreciably above 25 deg 
C15; the value of Krreactton is decreased 
with increasing temperature. In most 
cases room temperature is adequate 
for high recovery and convenient han- 
dling, and the rate of formation is 
reasonably rapid. 

Concentration of Urea. The urea to 
carbon-atom ratio of adducts is ap- 
proximately 3 to 4.15 13 To insure that 
all normal hydrocarbons present will 
react, sufficient excess urea over this 
ratio is necessary to maintain a satu- 
rated dissolved phase throughout the 
reaction period. ~ 

Dilution. Addition of a hydrocarbon 
solvent to the urea-reaction system has 
the effect of displacing the equilibrium 
in equation (3) to the left. This be- 
havior has important implications in 
the analytical procedure, inasmuch as 
it is necessary to remove occluded 
mother liquor from the adduct with a 
minimum amount of dissociation. Per- 
haps the largest factor causing erratic 
quantitative results may be attributed 
to adduct dissociation during the wash- 
ing step. For this reason it has been 


_found desirable to remove most of the 


occluded mother liquor by suction fil- 
tration, and to carry out the washing 
procedure at lower than room temper- 
ature, and with a minimum of urea- 
inert wash liquid. 


Precision and Accuracy 


For the purpose of determining the 
precision and accuracy of the quanti- 
tative method, series of runs were 
carried out on known blends of pure 
dodecane, tetradecane, and hexade- 








TABLE 1. Extraction of known nparaffin blends with urea. 





Temperature: 25 deg C 


nParaffins: 10g in 90-g diluent 

rea: 45 g (1.06 moles per carbon atom) . 
Methanol: 4.5 g (10 per cent by weight on urea) 
Wash: 6 volumes per volume of solid 


Feed Decalin solution 


I noe eee 


eee eee eee ee ee eee eee eee ee 


nCr (n®), 1.4288) 


nCis (n%p, 1.4347) 


POOR eee eee eee eee ereeeeeese® 


Methylnaphthalene solution 

SL Te 
ROL OME MME INO: Oooo si ccin cas dedeageesocacancss 
nCus (05), oS! Tae 
Extr act from run No. 10 


> oO > 


~I 


10 
10a 


Per cent by weight 0 





nParaffin extract nparaffin based on: 
Purity 100 
20 (Percent Crude percent 
Grams nD by volume) extract purity 
7.2 1.4216 99.8 72 72 
7.2 1.4218 99.4 72 72 
7.0 1.4218 99.4 70 70 
2.9 1.4320 93 99 92 
9.8 1.4317 94 98 92 
9.8 1.4362 96 98 94 
10.4 1.4386 92 104 96 
9.8 1.4373 94 98 92 
13.1 1.4702 78 131 95 
1.4302 99.4 ‘ : 
11.6 1.4569 85 116 93 
1.4296 99.6 
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‘|Do it the EASY way 


to 
p> 
at 
il] 
‘is 
al When you get your valves from various sources, buy- 
s ° 
ne ing for replacement—and stocking spare valves and 
parts—becomes unnecessarily complicated. 
mn 
as But when you buy ALL your valves—Bronze, Iron, or 
m Steel, and, if you need them, Corrosion-Resisting 
> Valves—from ONE source, you have the answer to 
= ‘your flow control problems. Powell makes them all* 
"d and makes them better. Also Powell makes the only 
; COMPLETE Line of Valves for Corrosion-Resistance rm 
a : : 
lable to Industry today. ; = 
T- _— ab . ty y eer en) 
ic 
od Cem =< Fig. 6061—Class 600-pound Cast Steel 
h- . 4 : Swing Check Valve with flanged ends 
‘ ee :. and bolted cap. Disc has ample lift to 
Ni m P ' permit full, straightway, unobstructed 
1e “a . ; 4. flow through valve body. 
1g a on AU! 
T- F 
a- « 
Fig. 1375—200-pound Bronze 
Gate Valve with screwed ends, 
inside screw rising stem, union 
bonnet and renewable, wear- 
‘ _ : resisting ‘‘Powellium’” nickel- 
1e : : bronze seat rings and disc. 
Hi 
re i 3 7 - 
re e Pameeg 5a F he Fig. 6079 — Class 600-pound Cast Steel 
ie : : N\A) fov/ eee Gate Valve for Pipe Line Service. Has 
e- J a Tay fe mak flanged ends and bolted flanged bonnet. 


Bevel gear operated. Also available in 
Classes 150, 300, and 400 pounds. 


Fig. 1460 — Iron Body Bronze i sag 

Mounted ‘‘Master Pilot’’ Gate re ; * Fig. 3023—Class 300-pound 

Valve with screwed ends, rising = e Cast Alloy Steel Gate Valve 

stem, bolted flanged bonnet and with automatic steam sealing 

tapered solid wedge. > mechanism. Has explosion 
&! proof electric motor operator. 


7" /-_ VET. v2 *The Complete Powell Line includes Globe, Angle, ‘‘Y”, 

t Ped = Fe te mae : Gate, Check, Non-return, Relief and Flush Bottom 

, bes ca Tank Valves in Bronze, Iron, Steel and a wide range 
of Corrosion-resistant metals and alloys. 


Ask your nearest Distributor—or write direct 


as aes aie Ageeiaan aon The Wm. Powell Company, Cincinnati 22, Ohio 


Screw rising stem, bolted flanged yoke 


and \apered solid wedge. DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES 
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cane in decalin solvent(n 4, 1.4770). 


The quantities of material nae the con- 
ditions used were held constant, as in- 
dicated in Table 1. It is evident from 
the data obtained that the degree of 
reproducibility, both on purity of ex- 
tract and on per cent nparaflin recov- 
ered, was satisfactory on the check 
determinations for each nparaffin, as 
shown in runs 1 through 8. 


The purity of recovered extract was 
in excess of 99 per cent for the dode- 
cane runs. The lower purity of 93 to 
96 per cent in the tetradecane and 
hexadecane runs indicates the occlu- 
sion of some of the decalin diluent with 
the recovered extract. The indicated 
per cent ntetradecane by urea analysis 
represents 98 to 99 per cent of that 
originally present when based on crude 
extract, or 92 per cent when correction 
is made for decalin impurity. With 
hexadecane, 98 to 104 per cent of the 
»parafin is accounted for, based on 
crude extract; 92 to 96 per cent, when 
correction is made for decalin con- 
taminant. Further experiments have 
shown that the decalin impurity may 
be essentially conipletely removed by 
more thorough washing of the adduct, 
although more of the nparaffin is also 
lost. For example, a run was carried 
out on hexadecane identical to those 
reported in Table 1, but involving 
twice as much wash liquid. The total 
extract yield was 92 per cent as com- 
pared with 98 to 104 per cent, but the 
extract was 99.3 per cent pure (n7 


1.4350) as compared with 92 to 06 
per cent purity in the runs with less 
washing. Greater accuracy may be 
possible when larger quantities of 
sample are used. 


\ll the analyses in the case of dode- 
cane are consistently 28 to 30 per cent 
low, although the results obtained in 
runs 1, 2, and 3 were obtained by 3 
different operators. This low accuracy 
has been traced to dissociation in the 
washing step. Refractive-index anal- 
yses of the raffinates indicated that the 
urea-extraction step had removed 98 
per cent of the nparaflin; examination 
of the isopentane washes disclosed the 
presence of the missing 26 to 28 per 
cent dodecane. It appears, therefore. 
that extraction of nparaflins was essen- 
tially complete in all cases in Table 1, 
but the stability of the adducts toward 
washing rose sharply in going from 
|2-carbon to 14-carbon nparafhns. 


Interfering Substances 


\lthough a high-purity extract was 
obtained in all cases involving blends 
of ndodecane in decalin, a small 
amount of decalin contamination oc- 
curred with tetradecane and hexade- 
cane. A much higher degree of contam- 
ination occurred when methylnaph- 
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thalene (n*? , 1.6128) was used as the 


- diluent, as dn by the high index 


and the yields greater than 100 per 
cent of crude extract in runs 8 and 9 
of Table 1. When the impure extract 
originally obtained in each case was 
dissolved in isopentane and re-extract- 
ed with urea, an extract of markedly 
higher impurity was obtained, as in 
runs 9a and 10a. When present in large 
amounts, the aromatic hydrocarbon 
apparently was adsorbed by the solid 
phase, and was not removed during 
the washing of the first urea adduct. 

This phenomenon of adsorption of 
impurities was further demonstrated 
by a series of runs on West Texas gas 
oil. As shown in Table 2, the intial ex- 
tracts (in runs 1 and 2) were exces- 
sively high in index. Re-extraction in 
each case (in runs la and 2a). mark- 
edly reduced the index, as well as the 
yield of nparaffin. Reproducibility was 
satisfactory. 

For quantitative determination of 
the nparaflin content of most petro- 
leum stocks, it is necessary—in view 
of the foregoing—to guard against 
contamination, especially by aromat- 
ics. This end may be achieved by re- 
treatment of the extract with addi- 
tional urea, as has been demonstrated. 
Equally effective is the removal of 
aromatics from the stock prior to urea 
extraction. The use of each of these 


methods is described in the following 
section. 


Analytical Applications to 
Petroleum Stocks 


Several detailed examples will serve 
to illustrate the applicability of the 
urea-extraction technique to the quan. 
titative determination and separation 
of the nparaffins present in various re. 
finery stocks. 


Narrow-Fraction Virgin Naphtha. An 
1l-carbon cut, boiling at 128 to 130 
deg C per 100 mm, after silica-gel 
treatment to remove aromatics resulted 
in a product of n%. 1.4242, as com- 


pared with 1.4307 for the original cut. 
The aromatic-free stock thus obtained 
was subjected to urea treatment, with 
the results shown in Table 3. In run 1. 
where a deficiency of urea was used. 
extraction of nparaflins was incom. 
plete. In runs 2 and 3, with excess 
urea, a higher degree of extraction 
was obtained. However, in view of the 
results on dodecane, the indicated per 
cent undecane is probably low. be- 
cause of dissociation of adduct in the 
washing step. The refractive index of 
the extract, quite close to that of pure 
undecane, shows little contamination 
by other materials. 

Broad-Cut Catalytic Cycle Oil. A 213- 
to 288-deg-C cut from light catalytic 
cycle oil (3.0 kg) was stirred with 1.() 








TABLE 2. Extraction of West Texas virgin gas oils with urea. 



































Extract 
Gas --_.-hc ae ———— 
oii Urea Methanol Weight Per Cent of >) 
Run No. Grams Grams) (Grams) (Grams) Feed n'y, 
| react e Mace Ae 1,380 720 40 292 21.2 1.4528 
UNE cores thet Extract from 1 720 40 193 14.0 1.4452 
+ RAs A ae 180 10 66 19.1 1.4483 
ES Re Extract from 3 240 12 48 13.8 1.4390 
TABLE 3. Extraction of aromatic-free C,, fraction with urea. 
Extract 
Charge Urea Methanol Per Cent of 21) 
Run No. Grams) Grams) 4(Grams) Grams Charge vp 
et NS a Giga 8- Gla a 39 60 96 i4 35 1.4178 
Bren occa vin tale hehe ance eialave. ace 52 160 181 25 45 1.4172 
NOE rec Aitva.a tin enntanayeee =: ; 52 300 316 25 48 1.4183 
* nUndecane — ne 1.4173 
D . . 
TABLE 4. Extraction of light catalytic cycle stock with urea. 
Per Cent by ") 
Grams Weight ny 
Initial pertroleum fraction.................-......00s Sree er ES 3,000 100.0 1,497 
PRs ina ba Ric wneniasarsioe vaucncaecumnsnsounese sarang 2,700 90.0 1.5045 
Crude nparaffin extract:............s2008- vos biialesasanccaiprets wlaisinlnn gab aleinlegte (300) (10.0) ee 
EMM coc oiars.0 wa 20a v gaik aiteteaiceiewien bois gates 186 6.2 1.4342 
ce gio Sen sig stesso sos Keane ak Dale: e Melawisn gue (113) (3.8) teas 
SIM RNMONEMIERONNO 0 6 5.050555 ciewinis 05 5.0.< Saaiewsiergs ss sebsleionscicc 64 2.1 1 4342 
ais. alnieis, nas erase nice. Sules ace va-s sadn b US (52) (1.7) 1.4399 
III a5 <5 5.0505,0 0.5 s0inenos spidalnensoes s0%< 06 s08 28 0.9 1.4308 
ee eee rere eee oe 24 0.8 1.4500 
Combined reprocessed nparaffin fractions...............0.0.0ceceeees (275) (9.2) (1 433°) 
EOI eee 3 0.1 1 455) ) 
ee ey erent (272) (9.1) 1.482 
Ce) Ee ne en Pe 3,005 100.1 = sees 
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of the successive nparaffins of carbon number indicated by the numerals. 
FIG. 1. Fractionation of nparaffins from a petroleum distillate. 








kg of urea moistened with 200 g of 
methanol. After having been washed 
with 1.5 liters of 2,2,4-trimethylpen- 
tane, the adduct was decomposed in 
3 liters of water. Recovery of crude 
nparaflin extract represented a 10-per- 
cent preliminary yield. Retreatment of 
the unreacted oil with urea gave no 
evidence of further adduct formation, 
an indication of essentially complete 
extraction. Retreatment of the crude 
extract, however, resulted in further 
purification; 3 successive treatments 
with urea were carried out, as sum- 
marized in Table 4. About 0.8 per cent 
of the original oil was rejected in this 
way. After a trace of non-paraffinic 
material had been removed with silica 
gel, 9.1 per cent of the oil was recov- 
ered as nparaffin. Fractionation of this 
product through a packed column of 
100 theoretical plates provided the 
data plotted in Fig. 1. Comparison 








with the boiling points and refractive 
indices!® of known nparaffins showed 
little else was present except the npar- 
affins from dodecane through nonade- 
cane. 

Heavy Petroleum Stocks and Natural 
Waxes. The straight-chain content of 
a number of petroleum fractions and 
waxes was determined by the urea 
technique. The stock was dissolved in 
a urea-inert solvent, as indicated in 
Table 5; sufficient solvent was used in 
each case to provide a clear non-visc- 
ous solution. After 60 min of contact 
with the indicated amount of urea- 
methanol, the solid phase was filtered 
and washed free of non-reactive mate- 
rial with additional quantities of the 
original solvent. 

The first five runs presented show 
typical urea extractions for various 
petroleum fractions. In all of the exam- 
ples the melting points of the straight- 








TABLE 5. Extraction of heavy petroleum stocks and natural waxes with urea. 











Straight Melting point (deg C) 
Urea Methanol chain 
Feed Grams Solvent (Grams) (Grams) (PerCent) Feed Raffinate Extract 
|. Reduced erude........ 199 Benzene 150 40 6 : 53 
ricating-oil distillate... .. 200 Tsooctane 150 24 11 : ie 60 
- Petrolatum base............ 300 Tsooctane 200 40 13 59 52 70 
4. Paraffin distillate........... 200 Tsooctane 200 48 16 ; ; 38 
SS Ree 50 Tsooctane 183 12 57 40 . 49 
8. Candellila wax............ 103 Benzene 77 218 54 65 ee 68 
MMORWER. 0c: cccascsseacs 179 Benzene 150 64 58 62 51 66 
8. Ozocerite Wax..........000. 183 Benzene 150 48 87 85 Tacky 86 


_—_——._ 
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chain extracts isolated from the solid 
products were higher than those of the 
rafinates. In the case of candellila wax, 
the urea adduct was so firmly held that 
hot-water washing failed to regenerate 
the extracted material. In this case the 
adduct was decomposed in the follow: 
ing manner: 

A 28.3-g sample of the candellila. 
wax adduct was added to 700 ml of 
water and 300 ml of toluene in a metal 
stirring bomb. The mixture. was agi- 
tated at 132 deg C for 3 hours unde 
10 atmospheres of nitrogen pressure. 
The toluene layer containing the regen- 
erated wax was separated and washed 
three times with water. 


Evaporation of the toluene left 5.6 g 
of candellila-wax extract: Melting 
point, 68 deg C. 


Conclusion 


Although subject to limitations and 
in need of further development, the 
urea-extraction technique provides a 
useful tool to simplify the task of an- 
alyzing complex petroleum mixtures. 
Its value lies not only in the qualita- 
tive and quantitative determination of 
nhydrocarbons as a class, but also in 
the physical segregation of the straight- 
chain derivatives. It is, therefore, a 
valuable technique for use in combi- 
nation with: existing methods of an- 
alysis. The general techniques de- 
scribed may also be applied to other 
straight-chain organic molecules, such 


as alcohols, esters, acids, ethers, and 
halides. 
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Effects of Sulfur in Motor 
Gasoline on Engine Operation® 


Influence of Sulfur Up to 0.3 Per Cent Varies From Pronounced Ring and 
Cylinder Wear Under Severe Operating Conditions to No Effect at Normal 


Engine Temperature. 


R. E. JEFFREY', J. B. DUCKWORTH’, E. J. GAY? 


This is a report of a cooperative in- 
vestigation by the petroleum and auto- 
motive industries and several fleet 
owners. This investigation was di- 
rected toward acquiring factual data 
regarding the effect, on engines, of 
sulfur in motor gasoline. The scope 
of the program was limited to the tech- 
nical aspects of sulfur in motor gaso- 
line, and did not include an evaluation 
of economic considerations which are 
a part of the broad over-all problem. 


Background 

The increasing utilization of high 
sulfur crudes to supplement crude sup- 
ply during and following World War 
Il, has focused attention on the pos- 
sible effect of sulfur in motor fuel on 
engine wear, corrosion, deposits and 
other factors affecting engine life. Ex- 
tensive work on these problems had 
not been conducted since the early 
1920's, largely because since that time. 
improvements in engine design, par- 
ticularly the almost universal use of 
crankcase ventilation and thermo- 
static control of engine jacket temper- 
ature, have reduced the incidence of 
trouble from sulfur in motor gasoline 
to a point where it.is not currently 
recognized as an acute problem. This 
is further borne out by the satisfactory 
operation experience on the West 
Coast of the United States, where mod- 
erately high sulfur levels in gasoline 
have been used for many years. Also, 
certain surveys made prior to the war, 
did not tie increased sales of pertinent 
engine and exhaust system parts to 
the areas where higher sulfur fuels 
were sold. It was recognized, however, 
that adequate up-to-date technical in- 

*Presented at the Society of Automotive En- 
gineers, summer meeting, French Lick Springs 
Hotel, French Lick, Indiana, June 4-9, 1950. 

Leader, CFR-MFD Group on Sulfur in Motor 
Gasoline and Shell Oil Company, San Francisco, 
““iLeader, Analysis Panel of the CFR-MFD 
Group on Sulfur in Motor Gasoline and Stand- 
ard Oil Company (Indiana). 

Coordinator, Field Service Tests on_ Sulfur 


n Motor Gasoline and Consultant, Detroit, 
Michigan. 


C-48 


formation was not presently available, 
and at a meeting of the executive com- 
mittee of the Coordinating Research 
Council Board of Directors, the petro- 
leum members proposed that factual 
data on this subject would be desir- 
able. The problem was assigned to the 
Motor Fuels Division of the Coordi- 
nating Fuel Research Committee on 
September 17, 1945, and a group on 
sulfur in motor gasoline was organ- 
ized to handle the project. 


Laboratory Engine Tests 


Because of the complexity of the 
overall problem, it was decided to con- 
duct relatively inexpensive laboratory 
dynamometer tests. These tests would 
serve to indicate the conditions under 
which sulfur might affect engine per- 
formance and further, would aid in 
the selection of fuels for field service 
tests which were to be run at a later 
date. Dynamometer tests consisted of 
various single cylinder and multicylin- 
der engine tests, run under a wide va- 
riety of test conditions, ranging from 
high to low operating temperatures 
and from continuous to cyclic or in- 
termittent operation. 

Approximately 100 laboratory en- 
gine tests covering at least 3800 test 
hours, when compiled and analyzed, 
showed that cylinder bore and piston 
ring wear increased with higher sul- 
fur content of the gasoline. The Lab- 
oratory Test Panel, recognizing that 





normal field operating conditions and 
geographic location might produce re- 
sults differing from laboratory dyna- 
mometer tests, recommended the adop- 
tion of a full scale field service test. 

The Laboratory Test Panel recom- 
mended field service tests using a fuel 
containing 0.25 per cent to 0.30 per 
cent sulfur for the higher sulfur value 
and a fuel of less than 0.10 per cent 
for the lower sulfur value. This range 
was chosen so as to bracket commer- 
cial gasoline sulfur contents that would 
normally be expected to be distributed 
in this country over the next several 
years. At present, most commercial 
gasolines are substantially below this 
higher value. The panel further recom- 
mended that the fuel of lower sulfur 
value used for tests on the West Coast 
could be 0.15 per cent or less. 


Engine Field Service Tests 
The recommendation of the Labora- 
tory Test Panel was accepted and in 
the summer of 1947 a Field Test Panel 
was organized to initiate a practical 
field service test program. The CFR- 
MFD Group on Sulfur in Motor Gaso- 
line recognized that any one field serv- 
ice test program would not furnish a 
complete and final appraisal of the 
problem. These tests, however, would 
help sort the problem into definite ca- 
tegories where sulfur in gasoline may 
or may not be a problem and would 

provide guidance for future work. 





TABLE 1. Summary of engine cylinder and ring wear. 








Cyl. bore wear Per cent increase in wear 
Test fuels weight in at top ring Top ring wear high 8 over low 5 
per cent of sulfur corrected for mileage* corrected for mileage* corrected for mileaget 
Vehide §=-———___— — --——_— es — 
Fleet type Low S High 8 Low S High S Low S High S Bore Rings 
1 A 0.114 0.256 0044” 0038” 0044” 0050” —14 14 
2 B 0.091 0.281 .00168” .00137” 0097” 00963” —18 =< 2 
7 F 0.132 0.264 .0040” 0044” 0192” .0203” 10 6 
7 HA 0.132 0.264 .0090” 0051” 0278” .0299” —43 ‘ 
7 J 0.132 0.264 0023” 0023” 021” .027” 0 28 


* Average actual wear divided by average actual miles and multiplied by 10,000 to give 10,000 mile units: 


t Per cent change = 


Wear H.S. (per unit mile) — Wear L.S. (per unit mile) 





Wear L.S. (per unit mile) 
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After conferences with many fleet 
owners in various parts of the coun- 
try, seven fleets (62 vehicles) were se- 
lected. These fleets represented a wide 
variety of equipment from passenger 
cars to heavy trucks, in services rang- 
ing from light duty city delivery, to 
over-the-road heavy duty. The test lo- 
cations covered a considerable range 
of ambient air temperatures. A more 
complete account of each fleet is shown 
in Table I. 

During early conferences on the 
conduct of the field test program, rep- 
resentatives of Ford, Chevrolet, and 
Chrysler agreed to supply new test 
engines for the fleets using their make 
of vehicle. They also agreed to under- 
take the task of measuring these same 
engines after their removal at the end 
of the test. The American Petroleum 
Institute agreed to assume an esti- 
mated expense of approximately $50,- 
000.00 for the direct cost of the test 
to the Coordinating Research Council. 
The oil companies were to furnish 
project engineers and other personnel 
for the technical surveillance of the 
test vehicles. 

Original plans called for the supply 
of a naturally occurring high sulfur 
gasoline to all fleets. In selecting the 
test fleets it became apparent that lo- 
cations ranging from central Pennsy]l- 
vania to the West Coast would neces- 
sitate shipping from the West Coast, 
and storing, approximately 200,000 gal 
of gasoline. This presented a difficult 
problem of supply as well as an item 
of very considerable expense. As a re- 
sult of this, consideration was given to 
the work of the Laboratory Test Panel 
on various sulfur compounds. This 
work showed that a number of sulfur 
compounds, when added to a given 
fuel, gave approximately the same re- 
sults from the standpoint of cylinder 
bore and piston ring wear as was ob- 
tained with fuels containing an equal 
amount of natural sulfur. A further 
check test was made by one of the 
oil company research laboratories 
using disulphide oil as a means of 
raising the sulfur content of the test 
gasoline. This test confirmed the 
earlier results and upon the recom- 
mendation of the Fuels Panel, the Sul- 
fur Group agreed to use disulphide oil 
as a means of obtaining higher sulfur 
values in the gasoline. 


x x & 


More than four and one-half 
million U. S$. homes are kept 
warm with central-heating oil 
furnaces. In addition, more than 
‘x million oil-burning space 
neaters are now in use. Such 
equipment was rarely used a 
Guarter-century ago. 
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The gasoline normally furnished the 
fleet was used as the control fuel. To 
this fuel a sufficient amount of disul- 
phide oil was added to obtain the de- 
sired level of 0.25 to 0.30 per cent 
sulfur. This gave the additional ad- 
vantage of having the base stock, 
tetraethyl lead content and octane 
number (prior to the addition of the 
disulphide oil) the same for both 
fuels. There was one exception to this 
procedure. One West Coast fleet was 
provided with a naturally occurring 
high sulfur gasoline. This was done to 
give a direct comparison with another 
fleet in the Mid-West, in similar serv- 
ice, but using gasoline with disulphide 
oil added. In most fleets, extra tank- 
age and another dispensing pump 
were provided to handle the special 
fuel. 

No attempt was made to place spec- 
ial crankcase lubricating oils in these 
various fleets. since it was felt that 
variables other than the sulfur content 
of the gasoline should not be intro- 
duced at this time. It was also not de- 
sirable to risk the psychological prob- 
lems that might arise, which could be 
blamed on the change of oil type. Each 
fleet operator was asked to agree to 
continue using the same brand of oil 
throughout the year’s test duration. In 
one fleet two types of oil were already 
in use, and in that case the sulfur test 
vehicles were split half and half be- 
tween the two oils; one ofl was a 
regular grade, the other oil was a 
heavy duty grade. 

As shown in Table I, new engines 
were installed in four fleets. In the 
fifth fleet the trucks were new at the 
start of the tests so that these engines 
could be considered as new engines. 
The engines from the two remaining 
fleets were disassembled, rebuilt and 
measured before the start of the test. 
New mufflers were installed on all ve- 
hicles. A project engineer from the 
oil company supplying the fuel was 
assigned to each test fleet. It was his 
duty to provide technical surveillance 
of the test, following procedures set 
down by the Field Test Panel. No at- 
tempt was made to change the opera- 
tors methods of running his fleet, 
since this would then take the test out 
of the category of a practical field 
operation. This procedure developed 
certain disadvantages which will be 
discussed later in this paper. 

Periodic fuel and used oil samples 
were checked by the project engineer’s 
parent company. Also, used oil sam- 
ples were sent to the Shell Laborato- 
ries on the West Coast for a reference 
check of all oils by one laboratory. 
Just prior to the start of the tests the 
Engine Sludge and Varnish Group of 
the Motor Fuels Division suggested 
that this sulfur field test program pre- 












sented an excellent opportunity to ob- 
tain comparative data between labora- 
tory and field tests on engine deposits. 
Accordingly, arrangements were made 
to send sufficient supplies of gasoline 
and lubricating oils to several labora- 
tories for FL-2 and L-4 tests. 

Actual field tests started with some 
vehicles in late October, 1947. All tests 
were in operation by February, 1948 
and were completed by the late spring 
ot 1949. Prior to the end of the tests, 
two new panels within the sulfur group 
were formed. One of these was the En- 
gine Inspection Panel and the other 
was the Engine Sludge and Varnish 
Rating Panel. Inspection procedures 
were set up by each panel and these 
procedures were, in-general, followed 
for each fleet. All engines (from 4 
fleets) furnished by Chevrolet, Chrys- 
ler, and Ford were removed from the 
test vehicles and shipped back to the 
engineering departments of these com- 
panies for inspection and measure- 
ments. The engines from the other 
three fleets were removed and in- 
spected at/ornear the fleet location. En- 
gineers from the manufacturers were 
able to view all engines except one fleet 
on the West Coast. In most cases at 
least two men from the Engine Inspec- 
tion Panel were able to view all of the 
test engines. Through a very fortunate 
arrangement all fleets with the excep- 
tion of one West Coast fleet had at 
least one man from the Sludge and 
Varnish Panel available to help start 
the rating of the engines. All the en- 
gines that were sent back to Detroit 
for inspection and measurements were 
thoroughly rated for sludge and var- 
nish by the same two men in order to 
establish uniformity in standards of 
rating. Engines that came back to the 
manufacturer were measured and 
rated in accordance with standards of 
accuracy normally used by the manu- 
facturer. Likewise, engines examined 
in the field were carefully measured 
by skilled personnel. In order to 
achieve more complete coordination 
of data, the project engineer from each 
of the fleets using Chrysler, Ford, and 
Chevrolet engines were present at the 
respective manufacturer’s plants dur- 
ing the time the engines were being 
inspected and measured. 

The National Research Laborato- 
ries of Canada cooperated with CRC 
on this problem and during 1946-48 
carried out a service test at the Cana- 
dian Army proving grounds using 
military vehicles. Operation under 
stop and go driving conditions pro- 
duced no significant difference be- 
tween fuels containing approximately 
0.05 per cent and 0.30 per cent sulfur. 
The cylinder bore wear observed in 
the Canadian tests, however, did not 
exceed 0.001 in. after 2300 miles op- 
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eration on either low or high sulfur 
gasoline. 

\fter the inspections were com- 
pleted, the entire file of data on the 
seven test fleets, representing many 
hundreds of pages of observations, 
was turned over to a seven-man analy- 
sis panel. This panel was charged with 
the responsibility of preparing the 
final report on the tests for the CFR 
Committee. 


Results 


Sixty-two vehicles completed field 
service tests at seven test sites during 
the period October, 1947 to June, 
1949. Two motor gasoline sulfur levels 
of 0.056 per cent-0.140 per cent and 
0.25 per cent-0.30 per cent were com- 
pared in regard to engine wear and 
cleanliness. A total of 1,501,698 test 
miles was accumulated in services 
ranging from light duty to intermit- 
tent duty to continuous heavy duty. 
‘rom these tests the following results 
may be of major interest: 


|. Twenty vehicles in three fleets 
representing four types of engines used 
in a heavy duty or moderate duty con- 
tinuous service such as .over-the-road 
trucks, urban bus service or medium 
bus service showed essentially no dif- 
ference in wear for gasoline sulfur 
contents within the limits prescribed 
by the test procedure and as shown in 
Table |. No inter-city bus service test 
was conducted, but based on the re- 
sults of the over-the-road truck serv- 
ice it may be reasonable to assume 


that the same result would apply. 


2. Thirty-four vehicles in four 


(leets representing five types of en- 
gines, in light duty intermittent serv- 
ice with many stops and starts or idle 
periods per day produced consistent 
differences in wear within the sulfur 
limits prescribed by the test procedure 
and as shown in Table 2. Typical serv- 
ices for these vehicles are city delivery 
routes such as bread and parcel deliv- 
ery. light repair or trouble shooter 
trucks for gas, telephone and electric 
utilities, supervisor’s cars, etc. 

%. Eight vehicles in one fleet en- 
gaged in typical medium duty inter- 
mittent delivery service, door-to-door, 
showed a marked increase in wear. In 
this fleet wherein the low sulfur fuel 
was 0.056 per cent and the-high sulfur 
fuel 0.269 per cent, and wherein a 
regular grade of oil was used, wear for 
the high sulfur engines had progressed 
to the level of requiring an overhaul. 
See Table 3. 

The use of a heavy duty crankcase 
oil (REO-37) in this fleet produced a 
50 per cent reduction in cylinder wear 
in vehicles operated on the low sulfur 
fuel, but did not appreciably reduce 
cylinder wear in the high sulfur ve- 
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TABLE 2. Summary of engine cylinder and ring wear. 








5 5 Me Cyl bore wear : Per cent nerease in wear 
Test fuels weight in at e ring Top ring wear high S over low = 
‘ities per cent of sulfur corrected for mileage* corrected for mileage* corrected for mile:.ze} 
ehicle a 
Fleet type Low 8 High S Low § High 8 Low S High S Bore Rings 
3 C 0.063 0.267 .0020” .0042” .0292” .0490” - 110 BY 
4 D 0.066 0.267 .00165” .00296” .0093” .0196” 80 1hi 
6 D 0.140 0.290 0032” .0056” .0201” .0313” 75 56 
6 G 0.140 0.290 .0065” .0122” .0614” .0804” 88 33 
7 H 0.132 0.264 .0107” .0177’ .0478” .0688”" 65 44 
7 I 0.132 0.264 .0054” .0120’ .0411’ .0786” 123 92 


* Average actual wear divided by average actual miles and multiplied by 10,000 to give 10,000 mile units. 
Wear H.S. (per unit mile) — Wear L.S. (per unit mile) 





+ Per cent change = 


Wear L.S. (per unit mile) 








hicles. Cylinder wear for both oils 
and the high sulfur fuel was five to six 
thousandths (0.005 to 0.006 in.) . How- 
ever, wear when using the (REO-29) 
regular oil and the low sulfur fuel was 
three thousandths (0.003 in.). With 
the low sulfur fuel and the (REO-37) 
heavy duty oil the wear was about one 
and one-half thousandths (0.0015 in.) , 
or approximately one-half the amount 
of wear as obtained with the regular 
oil, 

4. In the same fleet (No. 5) 
wherein a heavy duty oil (REQO-37) 
was compared with a regular oil 
(REO-29) it was noted that crankcase 
deposits and oil ring groove deposits 
were reduced for both high and low 
sulfur vehicles by the heavy duty oil. 

5. In a comparison of one fleet 
(West Coast) using a naturally occur- 
ring high sulfur gasoline against one 
other fleet (Mid-West City) using the 
same vehicles in the same type of serv- 
ice and using a gasoline with disulph- 
ide oil added, wear results were sub- 
stanially equivalent. This confirms pre- 
vious tests made during the laboratory 
test phase. 

6. Valve operation and valve life 
were not adversely affected by high 
sulfur fuel. Three low sulfur vehicles 
in one heavy duty fleet were over- 
hauled during the test period because 
of sticking valves. 

7. Muffler life and exhaust system 
corrosion were not adversely affected 
by high sulfur fuel. 

8. In all but one of the seven fleets, 
there was little or no effect of high 
sulfur on engines varnish and sludge 
deposits. This other fleet showed dif- 
ferences of 7 to 10 points (out of a 
possible 100) in favor of the low sul- 
fur fuel. 

9. Laboratory dynamometer FL-2 


tests qualitatively reflect the effects of 
high sulfur on cylinder and ring wear 
in light duty intermittent service, but 
L-4 tests do not reflect wear in medium 
to heavy duty service. 

16. Based on two fleets in light 
duty-intermittent service, and within 
the range of atmospheric conditions 
and temperatures prevailing during 
the test period, (the actual mean mini- 
mum air temperatures were 18 F and 
45 F.) there was no apparent in- 
fluence of ambient air temperatures or 
geographic location on differences in 
engine wear between high and low 
sulfur fuels. 

11. The test data do not permit 
separation of the effect of engine de- 
sign on the difference in wear due to 
sulfur because of the influence of type 
of service or duty. In one fleet, where 
two types of vehicles were employed 
the percentages increase in wear with 
high sulfur fuel were not significantly 
different. However, the absolute rate 
of wear in one type of vehicle was 
approximately twice as high as that 
in the other with both high and low 
sulfur fuels. The maximum difference 
in bore wear was .0016 in. and the 
‘test mileage was 2900-3400. 


Application of Experience to Any 
Future Field Service Tests 

This field service test program has 
shown that it is possible to conduct 
wide scale field tests on a cooperative 
basis. The practical aspects of these 
tests are of real value; since as yet 
there appears to be no good substitute 
for letting the engine say what it 


- likes; nor is there an electronic de- 


vice that duplicates all the variables 
of a driver’s foot on the accelerator 
pedal. Lessons were learned which 
would bear repeating herein. 











TABLE 3. Summary of engine cylinder and ring wear. 





Cyl. bore wear 
at top ring , , k 
corrected for mileage* corrected for mileage* corrected for mileaget 


Test fuels weight in 
, per cent of sulfur 
Vehicle 


Per cent increase in weat 


Top ring wear high § over low 5 








Fleet type Low § High S _ Low S High S Low S High S Bore Rings 
5 regular oil E 0.056 0.269 .0030” .0065” .0126” 0239” 117 30 
5 H.D. oil E 0.056 0.269 .0013” .0052” .0082” 0173” 300 itt 


* Average actual wear divided by average actual miles and multiplied by 10,000 to give 10,000 mile units. 
Wear HS. (per unit mile) — Wear L.S. (per unit mile) 


t Per cent change = 





Wear L.S. (per unit mile) 
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The oil consumption figures ob- 
tained for many of the fleets were not 
adequate. It is not practical for an 
operator to carefully drain and weigh 
the oil at each drain period and to 
also weigh the new fill of oil. It has 
been. suggested that calibrated dip 
sticks be used in any future tests. 
Maintenance crews would then be in- 
structed about overfilling at a drain 
period and when adding make-up oil. 
It would also be necessary to request 
the fleet to add oil to bring the crank- 
case to the “full” mark before the oil 
was drained. In this way a reason- 
ably accurate figure of total oil added 
between drain periods would be ob- 
tained. The fleet would have to be re- 
imbursed for the extra oil used at the 
drain period, but this amount would 
be small, in return for the improved 
accuracy of the data. 

It still appears that it is best not to 
have an engineer on the property at 
all times. When this is done the day- 
to-day procedures of the fleet are 
likely to be influenced and the final 
results may not be typical of the fleet’s 
normal operation. Regardless of how 
well the program is outlined, it still 


TABLE 4. 
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Fleet 1 Mid-atlantic Heavy L 39860 L e114 HeD- 
Vehicle A State 8 Duty H 39855 H e256 Rebuilt 1667 85.35 114 1 1140 30 
Fleet 2 Central Heavy L 87670 L .091 Premiun 
Vehicle B Mid-West 8 Duty H 95536 H e281 New 19.3 6.3 240 7 5 * 30 
Fleet 3 large Mid- Light L 11139 L 2063 Premium 
Vehicle C West City 8 Duty- H 10730 H 0267 New 10.0 88.35 36 80 .¢] 30 and 
Inter. 40 
Pleet 4 large Mid- Light L 5443 L 2066 Regular 
Vehicle D West City 8 Duty H 5067 H 267 New 10.0 88.3 16 15 7 10 and 
Inter. 20 
Fleet 5 large Mid= (Med. L 16783 L 2056 Regular 
Vehicle E west City 4 (Duty H 16168 4H «269 New 10.0 88.3 52 13 58 30 
Vehicle E ® 4 tinter. L 23270 L 2056 HeD. 
H 20314 H e269 New 10.0 86.3 52 13 58 30 
Fleet 6 large West Light) L 3134 L «140 Regular 
Vehicle D Coast City 6 Duty H 3450 H e290 = New 38 28 6707 10 ll 5 20 
Vehicle G bad 6 Imtere) Lovie L e140 Regular 
H 2908 H «290 New 36 8 67-7 10 ll 5 20 
Fleet 7 South West Med. L 14304 L .132 New or H-D. 
Vehicle F Coast 2 Duty H 15276 H e264 Rebuilt 37.9 8402 52 7 1 30 
Vehicle H ° Light L 6901 L 2132 H-D- 
Duty-Inter. H 6629 H «264 ad “ ad 18 19 2 30 
Vehicle HA e 2 Med. L 14065 L .1352 H-D. 
Duty H 16336 H 0264 ® ad ° 38 8 2 30 
Vehicle I = 2 Light L 9011 L 2132 Premiun 
Duty-Inter. H 4579 H e264 bad ° s 13 ll 3 30 
Vehicle J « 2 Inter- L 9965 L 0132 " Premiun 
Mittent H 8572 H «264 6 S a 34 12 1 30 








Discovery of the method of 
manufacture of Delanium, a special 
“synthetic” carbon product, has 
been announced by Duffryn Car- 
bon Products, Ltd., of England. 
This remarkable product is carbon- 
aceous material that is said to pos- 
sess quasimetallic properties: it 
can be bored; cut to exacting toler- 
ances; has very high mechanical 
strength, and can be fabricated to 
the most accurate specifications. It 
has a very fine, homogeneous pore 
structure, and is far more imper- 
meable to fluids than any other 
known form of carbon; it has com- 
pressive strength varying from 
20.000 psig for the “graphite” type. 
to 38,000 psig for the “carbon” 
type of product. 

Its development hinged on the 
discovery that over a carefully con- 
trolled range of temperature a “jel- 
lified carbonaceous mass would 
decompose and simultaneously 
harden and shrink” (Petroleum 
limes, April 21, 1950, page 290). 
This shrinkage may be made great 
as to close completely the pores 
thet otherwise would form a large 
part of the mass resulting from the 
decomposition, Among the uses al- 
tevly found for it include heat ex- 
chougers, as the cubical exchanger 
Pa:agrid tower packings and Dela- 
nium Carbon chemical tiles. The 





ee 


New British ‘Synthetic’ Carbon 


heat exchanger is built by boring 
a solid carbon block with alternate 
parallel lines of holes, the alternate 
lines being at right angles to each 
other, and staggered. Each ‘bank’ 
of holes is fed from headers of any 
desirable material fitted to opposite 
sides of the block, and any prac- 
ticable number of passes may be 
provided for either exchanging 
material simply by the construc- 
tion of the headers. Rate of heat 
transfer is high, due to the solid 
material between tubes or holes. It 
may be used for straight heating or 
cooling with steam or water or 
other transfer medium. 

This exchanger occupies only 
one-sixth of the volume and one- 
eighth the floor space of the equi- 
valent tube bundle type unit. A 
graphite block 9 by 9 by 9 in., 
smallest made regularly, has 10 sq 
ft of heating surface and a transfer 
coefficient of 300-500 Btu. For the 
same service a tube-bundle ex- 
changer would be 6 ft long and 
contain seven 7-in. ID tubes. The 
new material is made also into 
Paragrid tower packing units, in 
which Delanium strips are cut or 
sawed to permit construction of the 
units. The product is also useful 
for many types of linings and tiles, 
for chemical containers and vessels, 
turbine gland rings, etc. 
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appears that at the start of a test every 
fleet, project engineer and manufac- 
turer’s representative involved should 
be visited by the test group coordi- 
nator. This permits a thorough dis- 
cussion of all phases of the test and 
avoids mistakes and wrong impres- 
sions before they occur. 

In any further field tests involving 
wear measurements, ~consideration 
should be given to the measurement of 
top cylinder bore sizes and ring gaps 
(or weights) of new engines before 
the test is started. Other measure- 
ments on new engines are not neces- 
sary. The cost of the test will be some- 
what more, but the precision of the 
test will be improved. Older engines 
being rebuilt for test purposes will of 
course have necessary measurements 
taken. 

Mass field test data properly col- 
lected is always of greatest value. If 
costs permit, more fleets and more ve- 
hicles should be used than were used 
in this test. In those fleets where mile- 
ages accumulated in one year are 
likely to be very low, it might be well 
to set up two duplicate groups of test 
vehicles. One group would be tlisas- 
sembled and measured at the end of 
one year; the other group would con- 
tinue through to the end of the second 
year. 


Fleet Owner’s Contribution 
To Test Program 
This paper would not be complete 
plete without giving credit to the con- 
tribution of the fleet owners toward 
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AN OLDTIME RECIPE FOR | 
LONG-LIVED PIPE LINES 


A recipe that waterworks and gas distribution 
engineers have used for over a century is: 
specify cast iron pipe. Refinery engineers 
have used it, too—with good success—for 
run-down, water and gasoline lines— 
for fire protection systems—salt water disposal 
—condenser and cooling coils. : 
No other pipe, at reasonable first cost, 
offers comparable resistance to both interior 
and exterior corrosion. No other pipe, 
in its price range, is as economical in the end. 
Available with bell-and-spigot, plain end 
and flanged, or with standardized mechanical 
joints. Cast Iron Pipe Research Association, 
Thomas F. Wolfe, Engineer. 
1015 Peoples Gas Bldg., Chicago 3, Illinois. 


AST TRON PIPE 


FOR LONG LIFE AND ECONOMY 


making the test possible. It is unfortunate that coding of the 
report prevents giving their names. Besides those fleets 
actually used for the test, there were several others that indi- 
cated willingness to permit use of their equipment. Any test 
of this type is an inconvenience to the operator. In all »ases 
the fleet owner was reimbursed for out-of-pocket expenses, 

Without the help of these fleets, it is doubtful that a wide 
scale fleet test of the type just described could be run. The 
direct outlay in dollars for this test was slightly under 4 
cents per mile. It is questionable that 30 cents per mile 
would have covered the costs of vehicles, drivers, fuel. oil 
and maintenance that would have been needed. 

There is another point in regard to the fleet operator that 
bears examination. Work of this type builds respect and 
understanding. The fleet operator is brought to realize that 
his suppliers are on the alert to keep him out of trouble and 
to improve their products. All fleets have offered their 
equipment for further test programs. 

The test data reported, show that the influence of up to 
0.3 per cent sulfur in gasoline, as compared to gasolines of 
0.1 per cent sulfur and lower, may vary from a pronounced 
effect on cylinder and ring wear under some operating con- 
ditions to no effect under continuous operation at normal 
engine temperature. This increased wear, to a considerable 
extent, does not check general field service experience, even 
in the areas where high sulfur gasolines have been widely 
used. 

It is the opinion of the authors of this paper that there is 
ample material for study in the Coordinating Research’ 
Council report on sulfur in motor gasoline. The engine 
manufacturer and petroleum refiner may wish to do further 
work with their own products, using their own test facilities 
following the several avenues of investigation that are open 
to both. This is as it should be, since the problem is now 
theirs to establish competitive and economic boundaries. 
There may come a time when all concerned might like to 
conduct a further cooperative field test. 

A full-scale cooperative field test involving several hun- 
dred people and a considerable expenditure of money and 
material has been completed. Each group, company or per- 
son who was in any way related to the test program fulfilled 
all of-the obligations which they had agreed to undertake. 
In many cases the personal contribution of individuals was 
far above what one might normally expect. 

There were differences of opinion, as one might expect 
from a group of technical people; however, general agree- 
ment was always possible. No two groups are more compe- 
titive within their respective industries than are the auto- 
mobile and petroleum industries. Their ability to work to- 
gether on this common problem is a tribute to their desire 
to serve their customers well! * ee 





IRON SPONGE 








for gas purification 


Iron Sponge is your answer to sulfur-free gas at 
minimum processing cost. Iron Sponge has high 
efficiency at low pressures or at today’s high pres- 
sures and high temperatures. It absorbs more H25, 
gives long service between foulings, and is easily 
regenerated. Investigate it for your own purifica- 
t'on problem today. 








3154 S.- California Ave., Chicago 8, Ill. 
Fliv-hoth, N. J. @ tos Angeles, Calif. 
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JOILAND GAS 
- PIPELININ: 














Engines 


One major oil company reports that a Model E Engine rap Many other operating cost records prove that Allis-Chalmers 
for 9 years, 10 months and 24 hours on round-the-clock con- Engines will operate day-in and day-out for less. You get the 
tinuous service before an overhaul. Another company reports advantage of more than 100 years experience by one of the 
a Model L Engine running continuously for 32,000 hours; and world’s largest manufacturers of power engines when you buy 
another for 25,000 hours before overhauls. These examples an Allis-Chalmers Engine ... the engine that’s built especially 
teflect the rugged stamina built into all Allis-Chalmers Engines. for heavy duty continuous work. 


“No Allis-Chalmers Engine is ever left an orphan.” Cooper 
Sales-Service men are constantly on the job in every oil field 
to see that your Allis-Chalmers Engines give maximum serv- 
ice at less cost. 


LE SDPO RITE PRATT AEN RES PENTA I TORS SF ARTES 


FRED E. Cooper, Inc. 
P. O. Box 1890 TULSA, OKLA. 


Houston, Odessa, Los Angeles 


Western Canada: Rocky Mountain Supply Co., Ltd., Calgary, Edmonton, Redwater. 





BARRETT” PROTECTIVE PRODUCTS 


COVER EVERY PIPE-COATING NEED 


/ Pipeline Enamel 
& Millwrap Enamel 
5S A.A. Enamel 

G Asbestos Felt 





5 Materials for Special Uses 


The trade name Barrett* A. A. Enamel designates a plasticized enamel for 
protecting oil, natural gas, and refined product lines. It is not affected by 
exposure to the bitterest cold, or most torrid heat. It will not crack at 


BARRETT * — 20° F., nor flow at 160° F. Because it withstands this wide range of tem- 


A.A. ENAMEL 


perature, it makes satisfactory pipe protective work possible at any season. 


Like other Barrett* coal-tar enamels, Barrett A. A. Enamel is non- 


absorptive, non-porous, and retains its dielectric properties without regard to 


soil conditions. It forms a strong, flexible shield against corrosion, and also 
withstands stresses produced by pipe movements or backfill consolidation. 








Above: Midwinter in Pennsylvania —Barrett A. A. Enamel will not crack at -20° F. 
At right: Midsummer in the Arizona desert—Barrett A. A. Enamel will not flow, even at 160° F. 


{/ Wlemo: FOR CORROSION ENGINEERS 


3arrett coal-tar materials for special uses are all dependable, durable and economical. 
Eternium* Paint for exposed metal work. CA-50 Heavy-Duty Cold Application Coating 
for concrete and metal exposed to extremely corrosive conditions. Marine Enamel for 
ships, barges and off-shore service vessels. Service Cement and Pipeline Fabric 

for field joints—no torching required. Asbestos Pipeline Felt for soil stress shield. 
Tank Bottom Compound for sour crude storage. 34 YB Paint for exposure to 
salt water spray conditions. 
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ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
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Crude Oil Flow Characteristics 


Experienced in Large Diameter Lines 


W iru the advent of larger size lines 
for crude oil transportation, the ques- 
tion has arisen as to the flow charac- 
teristics encountered in these larger 
lines. The term large diameter is, of 
course, a comparative one but in this 
discussion will refer to lines with out- 
side diameters of 16 in. and larger, 
as prior to the last few years there 
were few crude oil pipe line systems 
of any appreciable length composed 
of lines with a nominal diameter 
greater than 12 in. The increased lay- 
ing of larger lines has paralleled the 
development of higher strength steel, 
permitting higher station operating 
pressures, together with improved 
methods of laying line. A further par- 
allel has been the increased use of 
technical data for the design of new 
systems rather than rules of thumb 
formerly used. As the pumping rates 
through these larger lines are much 
greater, the need for an accurate 
knowledge of available throughput is 
gaining in importance so that the 
optimum size line will be used in the 
design of new facilities and the length 
of loops required to enlarge on pres- 
ent facilities can be determined ac- 
curately. 

In hydraulic calculations involving 
crude oil, it has been found that the 
basic formula as introduced by Darcy 
in 1857 is the most applicable of the 
various flow formulas. This equation 
is a familiar one to all engineers and 


flv? 
Qed ° 


furm the equation is solvable if the 
various quantities are expressed in 
foot-pound-second units giving the 
value of hg in feet. This form is rather 
cumbersome, however, as units re- 
quired in the above equation are not 
commonly used in pipe line terminol- 
ogy. This equation, after conversion 
to a more practical form, can be ex- 
pressed as: 
34.87 {B’s 
Pon an 
where each of the terms has the fol- 
lowing significance : 


~'p 


in its basic form is hy =———-. In this 





(1) 


esented before The American Society of 
Mechanical Engineers, 
homa, October 2-5, 1949. 

tServiee Pipe Line Company. 


Oklahoma City, Okla- 
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P = pressure drop, psi per mi., 

o= ~9 throughout, bbl per hr., 

s = specific gravity of oil pumped, 

D = internal diameter, in. 

f = friction factor. 

In this equation it is possible to 
measure physically all quantities with 
the exception of the dimensionless 
friction factor, which must be deter- 
mined experimentally. 

The customary means of expressing 
f is to plot its value against the cor- 
responding value of Reynolds num- 
ber, R, which is in existence in the 
line at that particular time. It is not 
necessary to dwell at length on this 
number as it also is familiar to all 


engineers. In its basic form it is ex- 
pressed as: 
dv 
Rae 2 te es @ 
pb 
Where: 
d = diameter of pipe, 


v = velocity of fluid, 

p = density of fluid, 

p. = absolute viscosity. 

Any consistent set of units can be 
used such that the value of R will be 
dimensionless. This equation can also 
be expressed in a form more readily 
used and remembered by engineers. 
This converted form is: 
2214xB 


R=- re — a ee (3) 


where B and D have the same signifi- 
cance as set out above and v is the 
kinematic viscosity of the oil moving 
through the line, expressed in centi- 
stokes. To further clarify the formula, 
the relationship between centistokes 
and Saybolt Universal Seconds, a 
more common way of expressing vis- 
cosity, can be set forth by a simple 
equation: 


Centistokes = 0.22t _*. _ « (4) 


where ¢ represents Saybolt Universal 
Seconds. 

A basic relationship between f and 
R has been established for streamline 
flow and verified by many experiment- 
ers so it will be valid for the lines here 
investigated. This relationship can be 
expressed by the equation f = 64/R, 
which when substituted in equation 
(1) gives: 





1.008 B 
P= ee 8) 
where » is the absolute viscosity in 
centipoises. 


Experimental work done by Stan- 
ton and Pannell on fluid flow through 
pipes embraced a wide set of flow con- 
ditions and has been recognized as 
one of the most authoritative pieces 
of work on this subject. Their experi- 
ments were carried out using air and 
water moving at different rates 
through smooth drawn brass pipe 
varying in diameter from 0.361 cm 
to 2.855 cm. The curve propounded 
by these authors is shown in Fig. 1, 
plotted on double logarithmic paper. 
This shows the two distinct regions of 
flow, streamline and turbulent. 


It is the.purpose here to describe 
tests run recently for the evaluation 
of the friction factor f in large diame- 
ter lines in the turbulent flow region 
and to express the results obtained 
from these tests. The intent in carry- 
ing out this investigation was to pro- 
cure data that would be of direct use 
in hydraulic calculations on commer- 
cial pipe lines rather than data that 
would be of academic interest only. 
Numerous papers such as that of 
Stanton and Pannell have been written 
on the value of f as determined by 
laboratory experimentation, using 
various fluids such as water and air in 
small diameter lines. Our purpose was 
to determine which data, if any, ob- 
tained from these laboratory experi- 
ments would be confirmed by results 
obtained from large diameter lines 
moving crude oil. Various authors 
concur with the reasoning that their 
results obtained from smaller lines 
may not hold true for larger lines. 

To get information such as was de- 
sired, sections of line in our system 
were utilized as test sections, thus pro- 
viding the best large-scale laboratory 
possible, The friction factor was de- 
termined in each of a series of test 
runs on each section of line. This was 
done by using equation (1), measur- 
ing the four quantities, P, s, B, and D 
and solving for the unknown friction 
factor. To measure the pressure drop, 
P, recording pressure gauges were 
normally used. One was installed at 
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The 2’-4 Crose line-traveling coating and 
wrapping machine illustrated is light weight 
and compactly designed. These features are ex- 
tremely essential for proper coating of small 
diameter pipe. Equipped with the patented 
Crose coating spray ring. 


PIPELINE 


CROSE COATING STRAINERS 

fit all makes of pipeline coat- 
: ing kettles—has easily remova- 

ble wire mesh filter element. 


CROSE INTERNAL LINEUP CLAMPS are available 
in manual, electric and hydraulic models for 
pipe sizes ranging from 12” to 36”. Crose 
Internal Lineup Clamps have been proven in 
world-wide field operations 


CROSE 
AUGER TYPE 
ROAD BORING 
MACHINE 


Installs pipe casing up to { a3 

and including. 34” in 3) 

diameter. This machine n 

has proven highly satisfactory with Pipe ‘tie 
Contractors for the fastest method of installing 
pipe casing where rock is not encountered. Ma- 
chines for installing caging larger than 34” in 
diameter are atso available 


The 22’ -26" Crose line-traveling coating and 
wrapping machine. These machines are available 
for coating and wrapping pipe sizes from 
2" to 34" in diameter. The positive application 
of coating through our patented coating spray 
ring gives these advantages: 1. Coats bends as 
well as straight Pipe. 2. Applies coating to pipe 
that has been “‘‘egged” or bent out of shape, 

Reduces patches on bends to absolute 
minimum. 


225 GALLON PATCH KETTLE is equipped with 
manual agitator. Available as illustrated or on 
steel wheels. These units are now being used 
for patch work and maintenance on pipelines. 
This unit also available in 165 gallon capacity. 


CROSE PIPE CUTTING AND BEVELING MA- 
CHINES—Ideal for fast, true cutting and bevel- 
ing of pipe. Available in six sizes for 4’ to 36” 
pipe. Machines for 16’ pipe and above have 
“Out-of-Round’’ Attachment as standard equip- 
ment. Made of strong aluminum alloy. 


CROSE PIPE CRADLES handle pipe sizes from 
4" to 34” in diarmeter. Cradle illustrated < can 
adjusted to cradle pipe from 16” to in 
diameter. 











MODEL ““M” PIPE CLEANING AND PRIMING 
MACHINE can be set up to clean and prime 
pipe from 2” to 14” in diameter. May be used 
as a line-traveling machine or on a stationary 
base for yard work. 


23 BARREL CAPACITY 


MODEL ‘’K’ PIPE CLEANING AND PRIMING 
MACHINE can be set up to clean and prime 
pipe from 16” to 26” in diameter. May be 
used line-traveling or on stationary base. This 
machine is also available for larger pipe sizes. 


30 BARREL CAPACITY 


CROSE-LITTLEFORD PIPE COATING KETTLES are equipped with hydraulically controlled agitator, 
low pressure burner, dial-type thermometer and a Wisconsin air-cooled gasoline engine with electric 
starter. If the agitator becomes fouled, the hydraulic fluid by-passes until the agitator is freed. 
The low pressure burner uses any type of low-grade fuel oil and distributes heat equally over all 
parts of the bottom. This burner is designed to avoid hot spots thereby eliminating the necessity 
of replacing bottoms. These completely insulated kettles may be purchased on Athey tracks or on 
skids for stationary coating yards. Over 150 of these kettles are in service in the United States and 


Canada. 


CROSE PORTABLE BUFFING UNIT is used to 
operate sanding discs or wire wheels for clean- 
ing stringer beads or pipe bevels. 


LESS PIPE BELT SLINGS are stronger 
in weight than conventional type 
No bolts or steel strapping neces- 
pipe belt slings are available for 

5 from 12" to 36". 


1500 WATT SELF PROPELLED GENERATOR is a 
utility unit for operating wire brushes, buffers 
and cleaning bevels. May be used as utility 
light plant. 


PIPE WRAPPING MATERIALS — VITRON Glass 
Fiber Underground Pipe Wrap has been proven 
on thousands of miles of pipeline. VITRON 
Glass Fiber Underground Pipe Wrap, Asbestos 
Felt and Kraft Paper are all available for im- 
mediate shipment from warehouse stocks at 
Tulsa, Okla. or Houston, Tex. 
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FIG. 1. Crude oil flow characteristics experienced in large diameter lines. 


each end of the test section of line and 
calibrated in place by means of a 
deadweight tester. For the measure- 
ment of specific gravity, periodic sam- 
ples were taken from the line and the 
gravity determined by means of a 
hydrometer. The gravities of the crude 
in the lines varied from 32 deg API to 
44, deg API. An accurate measurement 
of the volume of oil pumped through 
the line is necessary in order to obtain 
the pumping rate, B. The most desir- 
able method is to pump decrease out 
of one tank so that the actual volume 
can be determined from hourly tank 
gauges. If this procedure is not pos- 
sible, meter readings may be used if 
such an installation is available, pro- 
vided the meter has been recently 
calibrated and its accuracy assured. 
The internal diameter used is the 
nominal internal diameter of the line 
with no allowance being made for 
manufacturing tolerances, Just prior 
to the running of a test, a pig-type 
scraper was run through the line to 
remove any wall deposits that would 
have the effect of reducing the in- 
ternal diameter, which would in turn 
give a higher value for the calculated 
friction factor. 

To compute the value of R to cor- 
relate with the value of f, it is neces- 
sary to determine the viscosity of the 
oil being pumped, this value then be- 
ing used in equation (3). The ordi- 
nary method of measuring viscosity is 
by use of a commercial viscosimeter, 
such as the Saybolt Universal type of 
instrument, which measures the time 
of efflux of a prescribed amount of 
liquid through a calibrated orifice. 
However, these tests run at atmos- 
pheric pressure do not give the true 
viscosity of the oil while moving 
through the line under pressure. It 
was known that viscosity increased 
with pressure, but a perusal of avail- 
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able literature on the subject yielded 
nothing that was specific enough to 
be applicable for our use. The effect 
of pressure on viscosity is gaining in 
importance due to the trend toward 
higher operating pressures. To obtain 
information on conditions existent in 
our system, tests were run to deter- 
mine how ‘viscosity varied with pres- 
sures normally encountered in pipe 
line operation. Fig. 2 shows the results 
obtained from two crudes analyzed in 
this manner by means of a falling ball 
type of viscosimeter. The East Central 
Texas crude is one of the lightest com- 
mon stream crudes handled in our sys- 
tem and the Wyoming crude is the 
heaviest common stream crude moved 
through our lines, An examination of 
Fig. 2 shows that the relationship be- 
tween pressure and viscosity is ap- 
parently a straight line function. At 
higher temperatures, the per cent in- 
crease in absolute viscosity per 1000 
psi is about the same for the two 
crudes, but at lower temperatures the 
effect of pressure is much greater on 
the lighter crude than on the heavier 
Wyoming crude. Also, for either of 
the particular crudes, the increase in 
viscosity due to increased pressure is 
a greater percentage at lower tempera- 
tures. From the trend indicated on the 
curves, it appears that if the tempera- 
ture is increased sufficiently, there 
may be a point at which pressure will 
have no effect on viscosity; however, 
this supposition would have to be 
proved or disproved by actual tests. 

It is obvious now that using viscos- 
ity determined at atmospheric pressure 
by means of commercial viscosimeters 
will give erroneous values. With this 
added information, our problem now 
is to seek to utilize this information in 
a simple manner. As realized from 
past experimentation and evidenced 
by this investigation, the science of 
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turbulent flow is not an exact one such 
as is experienced under streamline 
flow conditions. Instead, the basic 
equation includes the empirical term: 
which is dependent on many variables 
and will itself vary over a certain 
range for the same type of pipe. !e- 
cause of the inability of quantitativ-ly 
measuring f, it is proposed to make its 
value dependent on one more variable 
—the change in viscosity due to pres. 
sure. As the operating pressures of 
most trunk line stations do not vary 
widely, this effect will be a fairly con- 
sistent one so it is proposed not to use 
a viscosity correction factor, but in- 
stead to plot the values of f determined 
against the apparent value of R. The 
apparent value of R will be the value 
of this term based on the viscosity de- 
termined at atmospheric pressure. 


Although the effect of viscosity 
change in turbulent flow is an indirect 
one, by reference to equation (5) it 
is seen that in streamline flow the pres- 
sure drop is directly proportional to 
the absolute viscosity, so using the 
correct viscosity is of major impor- 
tance. Normally, crude oil flow is in 
the turbulent region, but there are 
cases where streamline flow is en- 
countered such as in winter months in 
lines moving the heavy Wyoming oil 
shown in Fig. 2. As pressure vs. vis- 
cosity gives a straight line, the viscos- 
ity determined at atmospheric pres- 
sure can be corrected by using a 
correction factor based on the average 
line pressure. It is difficult to deter- 
mine the average line pressure exactly 
due to ground profiles being very ir- 
regular but for most cases, the average 
line pressure in a section of line can 
be assumed to be one-half the station 
discharge pressure. No investigation 
has been made into streamline flow in 
actual operation to determine how 
closely theoretical conditions will be 
approximated. 


As a counteraction to the effect of 
pressure on viscosity, some crudes are 
of a thixotropic nature, i.e., their ap- 
parent viscosity decreases as the shear 
rate increases, The shear rate in any 


- one size line would increase as the 


pumping rate increases. This charac- 
teristic is noticed especially in high 
paraffin base crudes such as those pro- 
duced in southwestern Wyoming. On 
one pipe line system operating in this 
area, normal operating pressures as 
high as 2000 psi are encountered, thus 
resulting in a larger throughput and a 
corresponding high shear rate. In ex- 
pressing the viscosities of these crudes. 
viscosities determined by an efflux type 
viscosimeter will give a- false indica- 
‘tion of the viscosity of the oil moving 
through the line. Instead, a viscosity- 
temperature curve should be used 
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FIG. 2. Crude oil flow characteristics experienced in large diameter lines. 


showing apparent viscosities deter- 
mined from a study of actual opera- 
tions. The Brookfield type of viscosi- 
meter, which measures the resistance 
of liquid offers to a rotating cylinder, 
simulates actual shearing conditions 
so should come close to presenting the 
true viscosity of the oil at atmospheric 
pressure. Most crude oils are of the 
Newtonian type, however, as their ap- 
parent viscosity at any certain tem- 
perature is constant regardless of 
shear rate. For this type of crude, a 
normal temperature-viscosity curve as 
determined by means of an efflux vis- 
cosimeter can be used for determining 
uncorrected line viscosities. 

The section of the Stanton and Pan- 
nell } vs. R curve between Reynolds 
number of 30,000 and 240,000 has 
been reproduced in Fig. 3 and the 
writer’s experimentally determined 
values for f have been plotted against 


the apparent R. As shown on the 
graph, these points were calculated 
from tests run on lines of 16 in., 20 in., 
and 30 in. diam. An examination of 
the graph shows that the writer’s 
points determined from the 16-in. 
lines approximate the Stanton and 
Pannell curve very closely. The aver- 
age of the points from the 20-in. line 
fall slightly above the curve and the 
three points representing the 30-in. 
line are still higher above the curve. 

The values of f from the 16-in. and 
20-in, diam lines were determined in 
all cases from sections of trunk line 
many miles in length, which in most 
cases included very few valves and no 
junctions, making the values repre- 
sentative of straight pipe. Much of the 
16-in. line has been in West Texas sour 
crude service for a period of more 
than five years. The 20-in. sections 
tested have been used for both sour 
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and sweet crude and have been in serv- 
ice from one to two years. 

The values shown for the 30-in. 
diam line were obtained from a sec- 
tion of tank line approximately 1% 
mile in length. This line was just re- 
cently laid and is used for sour West 
Texas crude. Because of its short 
length and corresponding small pres- 
sure drop, it was necessary to measure 
the pressure differential by means of 
a manometer installed at each end of 
the line. Due to insufficient data on the 
30-in. line, no definite conclusions can 
be reached but it is felt that in trunk 
line service, the friction facter for this 
size line will be somewhat lower than 
shown here, The 30-in. tank line tested 
was 14-in. wall pipe and was laid 
above ground so it was probably not 
perfectly round as the pressure in the 
line did not exceed 15 psi. In addition, 
the test section included an expansion 
joint that would have the effect of in- 
creasing the pressure drop slightly, 
resulting in a higher apparent friction 
factor. 

Moody’ has drawn a family of fric- 
tion factor curves based on different 
relative roughnesses. The lowest curve 
in this family is for smooth pipe and 
approximates the Stanton and Pannell 
curve. The relative roughness, €/D, as 
given by Moody for commercial steel 
pipe in the range of sizes here dis- 
cussed is low enough that it can be 
considered as smooth pipe in the range 
of Reynolds numbers normally en- 
countered. 

Drew, Koo, and McAdams? made a 
survey of work done on determination 
of the friction factor to ascertain if 
Lee’s equation, which was based on 
the data of Stanton and Pannell, gave 
values for f that were representative 
of smooth pipe. Their investigation 
showed that the majority of experi- 
mental work, up to a Reynolds num- 
ber of 500,000, validated Lee’s equa- 
tion. These authors also studied work 
done on commercial iron and steel 
pipe and as a result of this study pre- 
sented a curve for { somewhat higher 
than that for smooth pipes. The work 
they reviewed was all carried out on 
small diameter pipe and they state 
that smaller size pipes generally give 
higher values for f. 

Other experimental work has been 
done by Heltzel* at lower Reynolds 
numbers on lines 6 in. to 12 in. in diam 
in crude oil service and the validity of 
the Stanton and Pannell curve for this 
use has been verified by him. It is be- 





1. “Friction Factors for Pipe Flow,” by Lewis 
F. Moody, ASME Transactions, Vol. 66, 1944, 
pp 671-684. 7 

2. “The Friction Factor for Clean Round Pipe,” 
by T. B. Drew, E. C. Koo, and W. H. Mc- 
Adams, AIChE Transactions, Vol. 28, 1932, 
pp 56-72. i 

3. “Fluid Flow and Friction in Pipe Lines,” by 
William G. Heltzel, The Oil and Gas Journal, 
Vol. 29, No. 8, June 6, 1980. 
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FIG. 3. Crude oil flow characteristics experienced in large diameter lines. 
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FIG. 4, Crude oil flow characteristics experienced in large diameter lines. 


lieved the test data accumulated here 
is sufficient confirmation of this curve 
to warrant using it for large diameter 
lines. Although these tests did not 
cover the entire range of R encoun- 
tered in these lines, the range covered 
includes the majority of normal flow 
conditions. Because the Stanton and 
Pannell curve has thus been substan- 
tiated for a wide range of pipe sizes, 
an expedient equation based on this 
curve will be developed for determin- 
ing directly trunk line capacity. The 
use of equation (1) for determining 
line capacity is rather laborious as it 
is necessary to use a cut and try 
method for determining the value of / 
to use in the equation. The range of R 
normally encountered in our crude oil 
lines does not exceed 200,000 with the 
majority of flow conditions giving a 
value of R less than 190,000. Our prob- 
lem now is to develop a relationship 
between / and R that will give fairly 
consistent results over the entire range 
of turbulent flow conditions found in 
our work. To do this, a straight line is 
drawn between points on the Stanton 
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and Pannell curve corresponding to R 
of 6000 and 130,000, as shown in Fig. 
4. It can be seen that this straight line 
does not vary widely from the curve 
at any point, By simple mathematics, 
the equation of this line is calculated 
to be: 
0.3305 





f = Ro.282 * ‘So a (6) 
but: 
2214xB 
R= Dxv ’ 
which substituted in equation (6) 
gives: 

0.04.74, P—?°-252 v 0,252 

f= B°-252 en, 


This in turn is substituted in equation 
(1) and the resultant form is: 
B?-748 oe! 
P = 1653 pers” ee . ae (8) 
Solving this equation for B gives the 
following: 
0.572 2.716 
“a 0.750 P D (9) 


v 0.144 0-572 


Although this is unwieldy to use, it 
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does give a direct means of solving 
for the capacity of a line. The greatest 
value of this type of equation lies in 
its adaptability of logarithmic charts 
or a logarithmic slide rule, providing 
a convenient means of solution. 

It is felt that the choice of ihe 
straight line for v vs, R above the Stan. 
ton and Pannell curve will approxi- 
mate actual conditions very closely as 
the use of a higher friction factor will 
give a greater pressure drop than en- 
countered in a straight pipe line. This 
higher pressure will compensate ior 


certain factors not now considered 


that have the effect of increasing the 
operating pressure. Under our present 
method of calculating, no provision is 
made for the additional pressure loss 
through valves, fittings at junctions, 
and station manifolds. The basis of 
our calculations is the actual distance 
of line between stations with the cor- 
rection for elevation head being taken 
as the difference in elevation between 
the station floors. Though most of our 
stations operate with a tank floating on 
the line, there are times when they 
pump their entire stream into a tank 
at the next station. This would have 
the effect of increasing the discharge 
pressure at the pumping station due to 
the additional pressure drop through 
the tank line. No correction is made 
for these operating conditions al- 
though the tank lines are 1% mile in 
length at some stations. An additional 
factor that will be corrected for by 
using a higher line for f is the decrease 
in effective internal diameter between 
the running of scrapers. As the lines 
grow older, the value of { experienced 
may increase due to internal corrosion 
in some lines, although past perform- 
ance has shown this factor to be a 
negligible one in trunk lines where 
velocity is sufficient to prevent the 
settling out of water, the primary cause 
of internal corrosion. 

Considering the effect on capacity, 
the maximum difference is 2.7 per cent 
between using the straight line for / 
and the Stanton and Pannell curve 
for f. 

Although it is realized that the data 


' presented here are not all-inclusive, it 


is felt that it is a realistic addition to 
the field of pipe line hydraulics. The 
accumulation of data such as included 
here is time-consuming as well as 
costly, but it is hoped that further 
study can be made of flow conditions 
in commercial pipe line systems. 

The writer wishes to acknowledge 
the help of members of the engineer- 
ing department of the Stanolind Pipe 
Line Company and particularly the 
aid of L. E. Tomlinson and W. E. 
Roads who assisted. in some of the 
test work and offered helpful sugges 
tions in compiling the data. * * * 
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History and Development 


of Products Pipe Lines” 


JOHN W. de GROOTi 


In considering the history and devel- 
opment of products pipe lines, it seems 
desirable to choose a definite year as 
a starting point from which to trace 
the growth to date of refined-products 
pipe lines. For the purposes of this 
paper, the year 1930 is taken as the 
initial year of commercial-products 
pipe line operations in the United 
States. Developmenis in the pipe line 
transportation of natural gasoline and 
kerosine go back considerably further 
than 1930; and, as they are factors 
contributing to the start of a new in- 
dustry, it would be well to review them 
here in this light. 


Early Refined-Products Lines 


Probably the earliest movement of 
refined products of any significance 
started in 1901, when the United 
States Pipe Line Company started 
using one of a pair of parallel 4-in. 
and 5-in. lines for the batching of 
three grades of kerosine. The lines had 
been laid in 1892 between Titusville 
and Wilkes Barre, Pennsylvania, and 
the success of the kerosine movement 
prompted an extension of the system 
in 1902 to Marcus Hook,: Pennsyl- 
vania. The system remained in inter- 
mittent kerosine service until 1926.2 
In 1902 The Standard Oil Company 
(Ohio) placed in operation a 4-in. line 
from its refinery to the East Ohio gas 
plant, a distance of 7 miles through a 
congested section of Cleveland. The 
line was used to carry a 32-deg-API- 
gravity oil, which apparently was used 
for gas enrichment. The line was 
abandoned in 1914; and, upon hav- 
ing been opened recently, was found 
to be in excellent condition, and with 
a few pounds of pressure on it. The 
only other refined-product movement 
of record prior to 1930 started in 
1929, when the Standard Oil Company 
of California converted a 20-mile 10- 
year-old crude-oil line to motor-gaso- 
line service; and that line, with a sub- 
sequent rebuilding, remains in service 
today. 

“Presented before the American Petroleum 
Institute, Chicago, Illinois, November 8, 1949. 


tTuscarora Oil Co., Ltd., Harrisburg, Penn- 
sylvania. 
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Natural Gasoline Lines 


Natural gasoline transportation by 
pipe line is believed to have begun in 
1912 in southern California, with the 
building of a 2-mile 2-in line, followed 
in 1913 and 1914 with other 2-in. lines 
16 and 30 miles long, respectively.” 
The year 1915 saw the first natural 
gasoline line in Pennsylvania, when 
the Peoples Natural Gas Company of 


P 615.92 


Pittsburgh completed a 2-in. line from 
an absorption plant 23 miles to rail- 
road.* The Midwest Refining Con- 
pany in 1918 placed in service wiiat 
is believed to be the first all-welced 
liquid-petroleum pipe line from its 
Salt Creek gasoline plant to Casper, 
Wyoming, 40 miles of 3-in. pipe, 
bringing gasoline pipe line transporta- 
tion to the Rocky Mountain area.’ 


By 1930 natural gasoline pipe lines 
had invaded the “larger and longer” 
class with three lines, of 4-in. and 6-in. 
diam, totaling 260 miles in length in 
operation in southern California.‘ Of 
these three lines, it is interesting to 
note that Shell Oil Company’s 9714. 
mile 4-in. line from the Ventura Ave- 
nue field to Wilmington, California, 
had an intermediate pumping station 
that employed a motor-driven centrif- 
ugal pump, and which was completely 
automatic in its operation. This auto- 
matic station had two right-hand float 
controls switching the pump off and 
on at capacity limits of the pressure 








TABLE 1. Refined-Products Pipe Line—Vital Statistics, 1930-1949 





Total mileage of pipe in refined products pipe line service. . . 
Total right-of-way mileage in refined products pipe line service. . . 
Total refined products, barrels terminated by pipe line (thousands) 
Total refined products, barrel-miles pumped (millions)...... 


1930 =—:1935 1940 1945 1948 1949 


100s dae Sar 8,040 12,857 18,399 20,109 


1,125 ° 4,015 6,890 11,439 16,601 18,053 
5,491 45,746 105,835 230,019 333,562 365,603 
2,245 16,749 29,221 76,061 104,494 109,973 








TABLE 2. 
Refined Products Pipe Line Right-of-Way—Mileage by States (1930-1949) 
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1935 1940 1945 1948 1949 
0 0 281 - 281 281 
0 0 0 0 0 
0 0 168 202 202 
20 20 20 20 49 
0 0 0 214 214 
0 26 26 26 26 
0 0 0 0 0 
0 0 78 78 78 
0 0 794 811 811 
0 0 0 230 
137 814 849 1,114 1,359 
0 201 612 6 710 
507 625 950 1,046 1,060 
731 1,049 1,288 ie 1,540 
0 0 345 441 441 
0 0 0 0 127 
79 86 180 204 204 
74 74 74 
124 124 124 848 848 
68 71 71 126 127 
165 165 165 
356 467 479 479 887 
0 0 0 
7 199 433 609 609 
0 0 0 
0 0 0 
47 103 104 104 104 
0 0 0 
88 412 521 521 528 
0 106 106 106 
0 0 0 70 70 
113 478 584 1,020 1,070 
338 405 376 864 785 
0 0 0 0 0 
1,292 1,462 1,850 2,175 2,355 
21 21 21 21 21 
0 0 100 100 100 
0 10 81 167 167 
0 0 106 10 106 
87 311 675 2,235 2,307 
0 0 0 0 90 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 7 7 7 
0 0 0 0 0 
0 0 0 189 189 
4,015 6,890 11,439 , 16,601 18,053 
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tank, and the left-hand float manually 
regulating a throttle valve to maintain 
a normal tank level during operation 
of the line.? 


Gasoline Lines 


These developments in successful 
natural-gasoline pipe line operation 
led a group of Mid-Continent refiners 
actively to consider the construction 
of a motor-gasoline line from Okla- 
homa to a Mississippi River point in 
the late °20’s. They finally abandoned 
their plans, however, apparently be- 
lieving that product identity could not 
be successfully maintained. With the 
adoption by many states of a 1927 
government master specification for 
liquid fuels, this objection—more 
mental than actual—was largely over- 
come, and the way paved for the start 
of the new era in 1930.? 


On February 1, 1930, the Tuscarora 
Oil Company, Ltd., began pumping its 
first tender of motor gasolines out of 
Bayway, New Jersey, toward its desti- 
nation in Midland, Pennsylvania, 370 
pipe line miles away. The event cli- 
maxed a preparation period of almost 
a year, during which time the line had 
been converted from its status as a 
20-year-old crude-oil pipe line west- 
to-east to a gasoline line east-to-west. 

At about the same time the Phillips 
Pipe Line Company began work on a 
735-mile gasoline line from its refinery 
at Borger (Texas Panhandle) to Kan- 
sas City and St. Louis—completing 
the line and placing it in service the 
same year. 


Also early in 1930 plans were an- 
nounced of the joint venture of 6 lead- 
ing Mid-Continent refiners in the 
formation of the Great Lakes Pipe 
Line Company to build a 1240-mile 
gasoline pipe line from 8 northern 
Oklahoma and Kansas refineries to 
heavy consuming areas around Kansas 
City, Omaha, Des Moines, Minne- 
apolis-St. Paul, and Chicago. Con- 
struction began the same year. 


A New Era 


With this great burst of activity 
marking the year 1930 as the start of 
the refined products pipe line era, it 
is not surprising to note that late in 
1930 the midwestern railroads con- 
sidered a proposal to lower rates to 
meet the impending competition in 
their area.® 

In connection with rates, it may be 
noted that the first Tuscarora gasoline 
tari! showed rates 25 to 60 per cent 
below rail rates for equivalent dis- 
tances—the 60 per cent on the longer 
hau!s—and that only a few months in 
Operation at these rates was sufficient 
to establish a 10 per cent pipe line 
tarif’ reduction. 
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The year 1931 was another year of 
great activity in the new race to build 
gasoline pipe lines from refining to 
consumption areas. Pennsylvania 
really began to become products pipe 
line conscious. In 1931 the Susque- 
hanna Pipe Line Company completed 
its system from Marcus Hook across 
Pennsylvania to Akron and Cleveland, 
Ohio, and north through the coal re- 
gions to Syracuse, New York. The 
formation of the Keystone Pipe Line 
Company for the purpose of building 
gasoline lines in Pennsylvania was an- 
nounced that same year, and work 
was begun promptly on 225 miles of 
line to serve Reading, Harrisburg, 
Scranton-Wilkes Barre with refined 
products from Philadelphia. National 
Transit Company in 1931 built and 


placed in operation a 6-mile 2-in. 
gasoline line from a cracking plant at 
McClintock to Reno, Pennsylvania. 

Also in 1931 the Standard Oil Com- 
pany of New York built a gasoline 
line out of its Providence, Rhode 
Island, refinery to serve Worcester and 
Springfield, Massachusetts—the first 
products pipe line for New England. 
The Great Lakes System, started in 
1930; was completed and placed in 
service in 1931. 

So the beginnings of the product 
pipe line industry were well estab- 
lished during the first two years of the 
°30’s, and have led us on through the 
intervening years in a pattern of 
growth that best can be seen by refer- 
ence to the charts, tabulations, and 
maps in this paper. 
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FIG. 1-B 














Period of Rapid Growth 

Fig. 1 [(A) through (F)] shows 
the location of refined products pipe 
lines by 5-year intervals 1930 to 1945, 
1948, and 1949, The areas of future 
product line concentration were de- 
fined by the two major lines shown on 
the 1930 map. By 1940, these two 
areas were considerably covered with 
products lines. During the war years, 
links reached out that almost joined 
these two areas; and a third section 
of the country, the southeastern states, 
came into products line prominence. 
it might be well to point out here that 
no government-sponsored wartime 
products lines that have since been re- 
moved from products service are con- 
sidered in any phases of this study. 
By 1948 the evidences of a northern 







































































expansion of the Mid-Continent outlet 
lines can be seen, together with a link 
between the Gulf Coast and the central 
states. 1949 brings further products 
line concentration to the heavily lined 
areas ; establishes a through link from 
the Gulf Coast to eastern refining cen- 
ters; and finds a products line pushing 
out towards the Pacific Northwest 
and a new pipe line frontier. 


In Table 1 are tabulated what might 
be called the “vital statistics” of the 
products pipe line industry. Although 
the amazing growth of the industry 
prewar is spectacular in itself, per- 
haps more so is the postwar expansion. 
which shows in the 4-year period 
1945-1949 a better than 55 per cent 
increase in both mileage of products 
lines and barrels delivered to termi- 





Gasoline for Vacarion 


The average American on vaco- 
tion this year will travel a greater 
distance and spend more money 
for gasoline, oil and food than 
ever before, according to a maga- 
zine survey. Mr. Tourist is ex- 
pected to spend an average of 
$279 and travel 1630 miles. That 
is $66 and 381 miles above the 
figures for 1949. 
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nals. The war years themselves were 
a period of tremendous products line 
growth, with 60 per cent more mileage 
in operation in 1945 than in 1940, and 
with the barrels delivered more than 
doubling. in this 5-year period. The 
barrels delivered in each case are bar- 
rels delivered to terminal, and thus do 
not include barrels handled by lines 
serving as feeders into other lines. 
Total barrels handled by products 
lines postwar are about 8 per cent 
greater than barrels terminated. 

The ratio between miles of pipe and 
miles of right-of-way is indicative of 
how much looped line is in operation; 
and, surprisingly, this has changed 
little percentagewise during the entire 
existence of products lines. It varies in 
the vicinity of 112 per cent, but shows 
no tendency toward significant change. 

A similar situation prevails with 
the “average haul,” the ratio of bar- 
rel-miles to barrels. It has varied con- 
siderably from interval to interval, 
but indicates a consistent reduction in 
postwar years. 

Table 2 tabulates right-of-way mile- 
age by states, and gives in numerical 
form what has already been seen on 
the maps in Fig. 1. It would probably 
be well to point out here that in this 
entire study lines purely for the trans- 
portation of natural gasoline have 
been excluded. LPG (liquefied petro- 
leum gas) lines have been included 
because they carry a product ready 
for consumption, even though its 
origin may in some cases be the pro- 
ducing fields and its destination a re- 
finery. ; 

A tabulation of pipe by sizes 1s 
shown in Table 3. No stability in 
trends is shown for the early years. 
From 1945 on, however, decreases in 
the percentage of 4-in. and 6-in. pipe 
are offset by corresponding increases 
in the prevalence of 8-in., 10-in., and 
12-in.. pipe. 

In Table 4 are tabulated some of 
the less important but more interesting 
statistics for the products pipe line in- 
dustry. The number of pumping sta- 
tions increases, but not in proportion 
to the right-of-way mileage—and thus 
a definite, although small, increase 10 
the average station spacing is seen 
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OUR MOST IMPORTANT ASSET— 
SATISFIED CUSTOMERS 


Represented on this page are a 





few of the many companies that 
we have been privileged to 


serve. 


Performance and integrity have 
been the foundation of our suc- 
cessful relations with these and 
other organizations with whom 


we have been associated. 
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BARTLESVILLE, OKLA. PHILADELPRIA, PA. 
OS ANGELES, CALIF. NEW ORLEANS, LA. 


America’s Foremost Pipeline Constructors 
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FIG. 1-F 























TABLE 3. Refined Products Pipe Line Mileage—by Pipe Size (1930-1949) 








——1930—-—. ——-1935-. ——-1940. ——1945_. ——_1948.. ——_1949-. 

Miles Percent Miles Percent Miles Percent Miles Percent Miles Percent Miles Per cent 
Mia GAS a exce aus beken Shek ll 0.2 15 0.2 35 0.3 40 0.2 40 0.2 
ERR ere a ee 73 1.6 78 0 85 0.7 136 0.7 136 0.7 
4-in eae 233 5.2 514 6.4 675 §.2 789 4.3 717 3.5 
CESARE Es eee Scie ate pee 83 1.0 83 0.6 83 0.5 83 0.4 
§-in 197 15.3 2,136 47.8 3,457 43.0 5,204 40.5 6,039 32.8 6,266 31.2 
Saas 998 77.5 1,926 43.1 3,761 46.8 5,530 43.0 8,944 48.6 10,217 50.8 
Dr. stieksanee iene ara ee 4 0.1 696 5.4 1,582 8.6 1,602 8.0 
SN c4 sack 93 7.2 91 2.1 128 1.5 549 4.3 786 4.3 1,048 5.2 
Total........ 1,289 100.0 4,471 100.0 8,040 100.0 12,857 100.0 18,399 100.0 20,109 100.0 











1930 1935 1940 1945 1948 1949 





Ae OE NS OINNINI 5 inc soins dn soc cncnocssenent 18 99 150 236 311 325 
RE IR PORE oon 65.8 058. ca csieesscncsecsces 62.5 40.6 46.0 48.5 53.4 55.5 
Number of delivery terminals...............eeeeeeeee 11 65 133 204 261 280 
Average terminal spacing.............sseeceeecseeees 102 61.8 51.8 56.0 63.5 64.5 
Total installed horsepower.............2..ccceeeesees 8,875 46,300 82,600 165,200 251,300 267,600 
Installed horsepower per million barrel-miles pumped... . 3.95 2.77 2.83 2.17 2.40 2.43 
RSE ernie eae : 23 310 1,617 4,817 10,103 10,993 
Average coated, per Cent.......c.ccccccccccccecessces 1.8 6.9 20.1 37.5 54. 54.7 
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from 1935 on. This increase is con. 
sistent with the recent trend toward 
the larger pipe sizes and higher work. 
ing pressures. 

The average spacing of delivery 
terminals decreased in the prewar 
decade, but since that time has been 
increasing. A possible reason for this 
behavior is that during 1930-40 con. 
struction was principally concentrated 
in competitive pipe line areas, with a 
resulting closeness of delivery points, 
The post-1940 tendency of products 
lines to enter new more-sparsely popu- 
lated frontiers, together with improve- 
ments in tank-wagon hauling range, 
has doubtless contributed to the pres- 
ent trend. 


The data on installed horsepower 
per million barrel-miles pumped do 
not show any significant trends. This 
is not surprising, however, as the 
tendency to provide spare equipment, 
the increase in working pressures, the 
increasing station spacing, and the 
capacity of the lines in relation to 
their present throughputs are all con- 
tributing factors and working in op- 
posite directions. 


The great increase in the use of pro- 
tective coating is due not only to the 
newer lines’ coating a greater per- 
centage of their pipe mileage, but to 
the coating of older lines during re- 
conditioning as well. 


Two Decades 


And so the products pipe line in- 
dustry approaches the 20-year mark 
in its continuing program to serve the 
petroleum consumer. Larger pipe, 
higher pressures, greater station spac- 
ing, and a willingness to accept and 
adopt technical advancements—all 
are contributing to the industry’s pat- 
tern of growth not only in scope, but 
in efficiency as well. 


Conclusion 

In conclusion, the writer would like 
to thank the entire industry most 
heartily for its support of the ques- 
tionnaire circulated. Without the ex- 
cellent response to this questionnaire, 
our job in tabulating the data herein 
presented would have been impossible. 
Appreciation is extended to Mr. John 
G. Underhill, engineer with the Tus- 
carora Oil Company, Ltd., for the 
splendid assistance in correlating the 
data presented in this paper. 


References 


‘1. Edwin A. Birge, “Contamination Control in 
Products Pipe Lines,” published by Planta- 
tion Pipe Line Company, Atlanta, Georgia 
(1947). 

2. C. P. Bowie, ‘Transportation of Gasoline by 
Pipe Line,” U. S. Dept. Commerce Tech. 
Paper 517 (1982). A 

3. Oil Gas J. (Diamond Jubilee issue) 33 (14) 

123 (1934). 
. Oil Gas J. 29 (3) T-124 (1930). 
. Oil Gas J. 29 (28) 29 (1930). 


om 


za 








THE PETROLEUM ENGINEER, Reference Annual, 1950 














Pr 


Tn order to meet your quality re- 
quirements, Kaiser Steel pipe, and 
the materials that go into it, must 
undergo 52 tests, analyses, and in- 
spections ... and get the top grade 
in each. , 


These tests cover every stage of 
production — from the mining of 
ore right through to completed pipe. 
The result is steel pipe which meas- 
ures up to the exacting specifica- 
tions of the gas, oil and water in- 
dustries. 


Another reason why experienced 


line men know they can rely on 
Kaiser Steel pipe! 


Kaiser Steel line pipe manufactured 
to latest API and ASTM specifica- 


tions—in diameters up to 30 inches, 


and in lengths up to 40 feet—now 
available from Fontana and Napa, 
California. 


It's good business to do business with 


iser Steel 





KAISER STEEL PIPE SPECIFICATIONS © All pipe manufactured to latest A.S.T.M. and A.P.I. specifications 





Type 
Continuous Weld—Threaded and Coupled 


Continuous Weld—Plain End 

Electric Resistance and Fusion Weld — Plain End 
Elsctric Resistance Weld—Plain End 

Electric Fusion Weld — Expanded — Plain End 


a 








Diameter 


Yo" to Fad 
nominal |.D. 


236" to 4Y2" O.D. 
858" to 22’ O.D. 
53%" to 1234” O.D. 
24” to 30’ O.D. 


Length 
Uniform 21’ 


Up to 40’ 
Up to 40’ > 
Up to 55’ 
Up to 40’ 








Wall Thickness 
Standard 


Standard 
-188” to .500” 
-188” to .400’ 
-188” to .500’ 


Shipping Point 


Fontana, Calif. 


Fontana, Calif. 
Napa, Calif. — Basalt-Kaiser 
Fontana, Calif. 
Napa, Calif. — Basalt-Kaiser 











Promp?, dependable delivery at competitive prices ° KAISER STEEL CORPORATION tos Angeles, Oakland, Seattle, Portland, Houston, Tulsa, New York 
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Effect of Oil Proration 
on Marketing Flare Gas* 


Changes in Oil Allowables Often Result in Sudden 


and Sharp Increase or Decrease in Gas Supply. 
How Does Pipe Line Handling Meet This Situation? 


PAUL KAYSERT 


T ne errect of proration orders on 
the problem of marketing of “flare” 
gas may be very clearly illustrated by 
comparison with the problem of a jug- 
eler juggling five glass balls in the 
air at one time while someone stand- 
ing beside him snatches one of the 
balls out of the routine every few 
minutes and then tosses it back again. 
He must be pretty quick not to sti i 
them all. 

Just as the the pipe line has its 
schedules of deliveries arranged so 
that its market demands can be satis- 
fied, the commission cuts allowables 
on oil and 50,000,000 cu ft per day 
voes off the line. This usually occurs 
in the winter when the gas is most 
needed. Then, when provision is made 
for this reduction and the system is 
running smoothly again, the allow- 
ables on oil are increased and 50.- 
000,000 or 60,000,000 cu ft per day 
are added to the load. And this usu- 
ally comes in the summer when it is 
not needed. 

The difficulty is inherent in the 
problem because of the simple fact 
that the market demand for oil de- 
termines the quantity of flare gas 
available and not the market demand 
jor gas. 

To meet this situation and market 
anything like the gas available re- 
quires two things: (1) The construc- 
tion of field lines, compressor stations, 
and treating plants sufficient to market 
the reasonable maximum quantity of 
gas that will be available under maxi- 
mum production of oil, and (2) the 
construction of gathering lines, com- 
pressor stations, and treating plants 
sufficient to connect with an adequate 
supply of so-called dry gas not asso- 
ciated with oil so that the take from 
these sources can be increased to fill 
the gaps caused by the decrease of 
flare gas arising from the proration 


Presented before Southern — see, 
talveston, Texas, March 27-29, 
P resident, El Paso Natural 7 _ seg 
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orders reducing the allowables on oil 
and can be correspondingly decreased 
when such gas is again made available 
by proration order increasing the al- 
lowables on oil. 

This obviously entails extra capital 
costs. But there is no way to avoid 
such costs except to take the minimum 
of gas that will be available under 
proration orders and burn in flares 
the excess. This is wasteful and should 
be avoided to the extent it can be 
done within unreasonable capital 
costs. 

It is not practicable to market 
every cubic foot but it certainly is 
not sound conservation policy to mar- 
ket only the minimum quantity. A 
sound informed judgment must be 
exercised to the end that the maximum 
quantity be taken that can be mar- 
keted at a fair price to the public. 

The whole problem is further com- 
plicated by the fact that in order to 
market any substantial quantity of 
flare gas a pipe line must have avail- 
able sufficient dry gas reserves to cover 
its peak requirements because flare 
gas cannot be cut back in the summer 
and increased in the winter but on 
the contrary is generally available in 
larger quantities in the summer than 
in the winter. 

The company with which | am as- 
sociated marketed an average of 440.- 
000,000 cu ft of “flare” gas a day in 
1949 and expects to market approxi- 
mately 625,000,000 cu ft in 1950, 
and this figure should exceed 750,- 
000,000 cu ft in 1951. 

In order to cover peaks and to pro- 
vide for change in quantities of gas 
available because of proration orders 
this company has provided capacity 
of 200,000,000 cu ft per day of “dry 
gas” available at all times and, under 
certain conditions, the capacity may 
he increased to 250,000,000 cu ft per 
day. 

But this capacity alone is not suff- 
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cient to permit the marketing of any 
thing like the reasonable a 
of flare gas available. So, in order to 
cover this deficiency, the company 
has made application to the Federal 
Power Commission for a certificate to 
build a 24-in. line to the San Juan 
Basin of northwestern New Mexico 
for the purpose of providing an ad- 
ditional peak delivery capacity of 
= 000,000 cu ft per day. 

ef maximum flexibility to the 
use of this capacity so that it can be 
turned on or off at will, the company 
has, subject to favorable action by the 


- commission on its pending applica. 


tion, contracted to buy the leases cov- 
ering gas reserves sufficient in the 
main to cover deliveries to be made 
from this area. The company is ac- 
quiring a number of gas wells with 
the leases and proposes to drill such 
additional wells as may be necessary 
to make the required deliveries. The 
line will be operated to cover peak 
demands and to cover deficiencies in 
quantities of flare gas due to prora- 
tion orders of the Texas Railroad 
Commission. It will deliver as much 
as 167,000,000 cu ft per day in the 
winter and as little as 20,000,000 cu 
ft in the summer. It will make possible 
the operation of the 26-in. and 30-in. 
lines from the Permian Basin of West 
Texas to California at 95 to 97 per 
cent of capacity both winter and sum- 
mer and the marketing of approxi- 
mately 20,000,000,000 cu ft of flare 
gas during the summer months that 
heretofore has been burned in flares in 
the oil fields. This quantity of gas is 
roughly equivalent to 3,300,000 bbl of 
fuel oil and is a clear gain to the 
national economy. 

The plan of operation permits the 
marketing of the maximum quantity 
of flare gas in the summer months, 


The author, Paul Kayser, president, El 
Paso Natural Gas Company, when he 
spoke before the Southern Gas 
Association. 
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all inquiries to... 


Make miles and miles of 
smooth bends for these out- 
standing pipeline companies 
your index to efficiency and 
speed on the job: 


Mid Valley Pipe Line Co. Panhandle Eastern Pipe Line Co. 
hell Pipe Line Corp. Texas Gas Transmission Corp. 
Atlantic Seaboard Corp. Transcontinental Gas Pipe 
Virginia Gas Transmission Co. Line Co. 
Carthage Hydrocol, Inc. Texas Pipe Line Co. 
Cities Service Gas Co. Southern Natural Gas Co. 
Colorado Interstate Gas Co. Portland Pipe Line Co. 
Columbia Gas System, Inc. * Arkansas Louisiana Gas Co. 
East Tennessee Natural Gas Co. Texas Eastern Transmission Co. 
Hope Natural Gas Co. Trans-Arabian Pipe Line Co. 
Michigan Gas Storage Co. Southern California Gas Co. 
Northern Natural Gas Co. T Gas & Tr issi 
Ohio Fuel Gas Co. Company 





COODY BENDER COMPANY, INC. 
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when the maximum quantity is avail- 
able, and requires the minimum of 
capital investment to utilize a national 
resource heretofore wasted. 

The cost to the public is entirely 
reasonable, as shown by the fact that 
the rate for the delivery of this gas 
is 16.35 cents per 1000 cu ft to South- 
ern California under the proposed in- 
creased rate, and 17.36 cents to north- 
ern California under the rates pro- 
posed for such service as compared 
to long line rates for comparable dis- 
tances as follows: 19.42 cents to the 
Ohio and Pennsylvania area, 28 cents 
to Detroit (interim rate), and 26.42 
cents to the New York area. 

We believe this plan for the mar- 
keting of the maximum quantity of 
flare gas is constructive and is a con- 
tribution to the solution of a prob- 
lem in which we are all interested. 


Cooperation Required 

One of the things I want to bring 
most forcefully to your attention is 
the fact that there are a number of 
difficulties involved in the marketing 
of flare gas that can most certainly 
be remedied by cooperation—cooper- 
ation between the pipe line company, 
the gasoline plant operator, the pro- 
ducers, and the regulatory com- 
mission. : 

The first of these difficulties is the 
matter of daily operation of wells. A 
few illustrations will make this clear. 
\t times we receive little or no gas 
from a given plant at night and by 
nine o’clock in the morning the plant 
may be delivering to us at the rate of 
20,000,000 cu ft per day. We gener- 
ally have a fluctuation from night to 
day of as much as 60,000,000 cu ft. 

The second is the matter of monthly 
operation. Under proration orders 
fixing producing days at 20 days per 
month, we may have as much as 100,- 
000,000 cu ft of gas a day cut off dur- 
ing the last 4 or 5 days of the month. 
This is wholly unreasonable and some 
means must be found to correct this 
situation. We realize that the produc- 
ers are under the necessity of making 
their allowable each month and, con- 
sequently, the tendency is to avoid 
running too close to the end of the 
month because of the danger of los- 
ing some part of their allowable. We 
likewise understand, from the stand- 
point of the commission, the difficulty 
involved in permitting in normal op- 
eration allowables to be exceeded in 
any one month or deficiencies made 
up in any succeeding month. But these 
difficulties are not without their 
solution. 

Efforts are being made by the pro- 
ducers to work out in various fields 
the staggering of production of wells 
so as to permit a more even flow 
throughout the month. Some progress 
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has been made along this line but it 
has been difficult to obtain any uni- 
form agreement to a plan. It may re- 
quire a full scale hearing before the 
Texas Railroad Commission on each 
field and the promulgation of appro- 
priate rules covering the matter be- 
fore a satisfactory solution is found. 
The point I want to drive home here 
is that we must all look at the whole 
problem and genuinely cooperate to 
effect- its solution. It is obvious that 
if, to the difficulty inherent in reduc- 
tion and increase of quantities of flare 
gas available due to proration orders, 
there must be added a wide daily and 
monthly fluctuation in the quantity 
available then such operation must 
materially reduce the efficiency of any 
marketing program and greatly in- 
crease the waste of a national asset 
much needed both for domestic and 
industrial use. 

However, the problem is compara- 
tively new and we are fully confident 
from the progress already made, that, 
through the cooperation of all parties 
including the regulatory commission, 
ways will be found to solve in a satis- 
factory manner these operative diffi- 
culties. 

In conclusion on this point we want 
to leave one set of figures on your 
minds so as to fix in your attention 
the value of the whole subject. The 
marketing of 750,000,000 cu ft of 
flare gas a day is equivalent to 125,- 
000 bbl of oil per day or 45,620,000 
bbl per year. This is a lot of value 
heretofore going to waste and a stake 
for our whole national economy 
worthy of everyone’s efforts. 


Proration of Gas 


In the beginning I want to say that 
from an operation standpoint, the dif- 
ference in marketing dry gas under 
proration orders applicable to gas and 
marketing flare gas under proration 
orders applicable to oil is about the 
difference of driving on a new country 
road and a paved highway. 

In the case of the proration of gas, 
the market demand for gas determines 
the quantity to be produced whereas 
in the case of flare gas it is the market 
demand for oil that determines the 
quantity of gas that is available. But 
from a legal standpoint, there are 
many serious difficulties that will re- 
quire a great deal of thought and care 
to find the correct solution. The first 
of these is the fact that long-term con- 
tracts for specific quantities at spe- 
cific prices made with producers must 
be respected. The great network of 
pipe lines that has been built in the 
last 20 years has almost without any 
exceptions been built upon long-term, 
large quantity contracts for the pur- 
chase of gas at definite prices for defi- 
nite periods. To disregard these con- 














Natural Gas Survey 


Natural gas may soon be avail- 
able to “every major city in the 
United States,’ according to a 
study made by the Gas Appliance 
Manufacturers Association and 
based upon data made available 
by the Federal Power Commission, 
The study indicates that the princi- 
pal impact is and will be along the 
Eastern Seaboard, with every 
major city from Maine to Florida 
eventually receiving natural gos. 

During the 4% years, July 1, 
1945 to January 1, 1950, the FPC 
authorized construction including 
26,513 miles of natural gas pipe 
lines, costing a total of $1,682,- 
000,000, according to the survey. 

Despite the fact that 1948 and 
1949 established new records in 
FPC authorizations of natural gas 
pipe lines, applications pending 
February 1 ‘‘provide for an aggre- 
gate increase of 4,700,000,000 
cu ft of natural gas a day.”’ Dur- 
ing 1949 the Commission author- 
ized construction of 7537 miles 
of lines, costing $600,000,000. 











tracts is in effect to pull the founda- 
tion out from under the industry. It 
is morally, economically, and legally 
wrong. In the first place, the states 
are unable to abrogate these contracts 
because of the provision in the Fed- 
eral Constitution against the impair- 
ing of the obligation of contract by a 
state law, but if such were not the 
case, these contracts should be re- 
spected because it is true such con- 
tracts have made possible the phe- 
nomenal expansion of the industry. 
The solution is not as easy as it 
sounds, however, because necessarily 
the full enforcement of these contracts 
frequently runs directly counter to the 
best interest of other producers in the 
field and can easily produce grave in- 
equities. In fact, any fixed amount of 
production attributable to a given con- 
tract must necessarily hamper, to 
some extent, any rule for ratable tak- 


‘ ing from a given pool. 


In addition, differences in prices to 
be paid under long-term contracts and 
short-term contracts may lead to dis- 
satisfaction on the part of producers. 
Likewise, the differences in prices due 
to fluctuation of the market from time 
to time may produce apparent hard- 
ship. We must all realize that prob- 
ably no perfect solution to these mat- 
ters can be found and I believe we will 
have to be content with such proration 
orders as attempt to do equity as far 
as may be done without violating con- 
tracts that are the foundation o/ the 
industry. ee 
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DID YOU KNOW ... 


Midwestern men have the 
skill to give you fast, 
efficient service on any 
pipeline job... the experi- 
ence to do it right... in 
any kind of terrain. . . 
under the hardest field 
conditions... in all 
weather. They take 
pride in saving YOUR 
money... in meeting 
YOUR toughest pro- 


duction schedules. 


SETTER 
BUILDERS 


105 NORTH BOULDER 
TULSA 3, OKLAHOMA 


TELEPHONE 3-4113 
F. E. STANLEY, pres. @ C. C. BLEDSOE, secy.-treas. 
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Stanolind’s Turbocharger Expiistenee” 


A most 20 years ago most of us read 
with interest of the progress that was 
being made in Europe in supercharg- 
ing 4-cycle diesel engines. Dr. Buchi 
had applied his early gas turbine ex- 
perience to turbocharging and pat- 
ented the principle of using multiple 
exhaust pipes and increased overlap 
of intake and exhaust valve opening 
that has been so successful all over the 
world. Most new 4-cycle diesel engines 
in sizes over 500-hp are now Buchi 
supercharged, although the high pres- 
sure system similar to that used in 
aviation is now coming into promi- 
nence for use on high duty diesel en- 
gines where reduction of space and 
weight is important. These are fitted 
with both single and multiple exhaust 
pipe systems between the engine and 
turbocharger. 


About 1935 both The Cooper-Besse- 
mer Corporation and the American 
Locomotive Company purchased 
Brown-Boveri superchargers for a fac- 
tory test of Buchi supercharging, and 
in February, 1936, the Stanolind Pipe 
Line Company purchased one for in- 
stallation on a 4-cycle, 1614-in. by 24- 
in. Alco engine. Cooper-Bessemer in- 
stalled its two-inlet machine on an 8- 
cylinder engine and was very much 
discouraged with Buchi supercharg- 
ing until results obtained by use of 
the two-inlet turbocharger on the 6- 
cylinder Alco engine became known. 
Both engine manufacturers obtained 
surprising results when the two-inlet 
machines were installed on 6-cylinder 
engines, and four-inlet turbochargers 
have since become standard for 8- 
cylinder engines. 


The Stanolind Pipe Line Company’s 
first turbocharger was placed in serv- 
ice in October, 1936. It was run at the 
unsupercharged rating of the engine 
for 49 hr, after which it was loaded to 
125 per cent of normal rating for four 
hours before failure of the ball thrust 
bearing in the supercharger. It was 
fortunate that this supercharger was 
installed on a spare engine at a time 
when spare equipment was available. 
This engine was kept in service all the 
time the supercharger was not being 


*Presented before The American Society of 
Mechanical Engineers, Oklahoma City, Okla- 
homa, pnder the title, ‘Turbocharger Experince 
of the Stanolind Pipe Line Company. 

Master Mechanic, Service Pipe Line Com- 
pany. 
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repaired until February, 1941, at 


which time it had been in service 
10,283 hr, or approximately 35 per 
cent of the time. It is interesting to 
note that this turbocharger was pur- 
chased to increase the output of the 
engine from 77 to 97-psi bmep, or 25 
per cent. © 

During this period Alco had built 
several Buchi supercharged engines 
for railway service, and we at Stano- 
lind believed that supercharging could 
be economically applied to our busi- 
ness because the pumps required little 
or no changes to absorb the increased 
engine output. Two additional super- 
chargers were authorized during 1940. 
One of these was purchased from the 
American Locomotive Company, 
which was by now manufacturing 
superchargers, and the other, a Brown- 
Boveri machine, was purchased from 
Busch - Sulzer Bros. - Diesel Engine 
Company. Both were fitted with sleeve 
bearings and gave no mechanical 
trouble, but the installations were un- 
satisfactory due to incomplete scav- 
enging of one cylinder. This was the 
result of placing two-inlet machines on 
5-cylinder engines. 

By the end of 1941 these two in- 
stallations had been in service 13 and 
16 months, respectively, and operation 
was satisfactory except for the inter- 
rupted scavenging, which we were cer- 
tain could be corrected by using tur- 
bochargers with three inlets. At this 
time engine deliveries were slow and 
it was almost impossible to buy them 
for pipe line service. Turbochargers 
were being built in the United States 
by the Elliott Company and could be 
purchased for reasonable delivery, 
and appurtenances and piping could 
either be purchased or manufactured 
in our own shops. We needed only 
additional power to increase our 
pumpings because our previous line 
capacity increase was obtained by lay- 
ing sufficient pipe to handle refinery 
requirements at 500-psi line pressure. 
Eleven superchargers were installed 
between May 1 and November 20, 
1942. By the end of the war 37 had 
been installed on old engines, all ex- 
cept one, which was more than 20 
years old. All but two of the super- 
chargers had been installed on the 
main line from Freeman to Chicago. 
where the line pressure was increased 
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in successive steps from 500 to 750 
psi without additional machinery. 
This pressure increase required an 34 
per cent increase in output of the en: 
gines, a large part of which was ob- 
tained by supercharging. All 161,,-in. 
by 24-in. Alco engines were torsio- 
graphed and modified to increase 
their speed from 200 to 225 rpm and 
the speed of all Fulton engines was 
increased from 164 to 200 rpm. The 
speed was also increased on four 5-B- 
100 Busch-Sulzer engines. Generator 
loads were allocated to certain engines 
and the oil pump plungers changed to 
fully load all other engines. : 

Since the end of the war, increased 
refinery requirements have made it 
necessary to lay additional pipe and 
ten more engines have been super- 
charged. We have also installed six 
800-hp supercharged engines, fifteen 
1500-hp supercharged engines, and 
two 2000-hp supercharged engines 
during this period. This makes a total 
of 70 Buchi supercharged engines now 
in service over the system. 

We have eight 6-cylinder, 171/,-by- 
24-in. engines with Price injection 
that were purchased to develop 750- 
hp at 70 psi bmep. This type engine 
was previously built with 17-in. bore 
and developed 600-hp at 64 psi bmep. 
We were never able to develop contin- 
uously more than 685-hp with these 
engines since they were supercharged. 
This actual increase of 275-hp cost 
approximately $9750 per engine, or 
$35.50 per horsepower. Other installa- 


_tions where it was possible to obtain a 


fUIL,50 per cent increase on engines of 
similar.size were slightly less expen- 
sive on a horsepower basis, while some 
supercharging jobs on smaller en- 
gines, or where it was necessary to 
change pump gears, have cost approxi- 
mately $50 per horsepower..This com- 
pares with approximately $250 per 
horsepower for the installation of new 
diesel-engine-driven pumping equip- 
ment. The cost of supercharging is low 
because no additional foundation. 
cooling system, building, or manifold 
piping is required, and there has been 
no great increase in cost since 1941. 
New exhaust and intake piping fabri- 
cated in our own shop for installation 
in the field costs $1500 to $2000 per 
unit. The water jacketed multiple ex- 
haust piping between the engine and 
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turbocharger alone will cost this much 
when purchased from firms specializ- 
ing in this work. The turbochargers 
cost $2900 or $4200, depending on 
size, and license fees and tax, on a 
horsepower basis, cost from $900 to 
$1600. We have designed cams and 
fuel pump parts and had them made 
in various shops when the engine 
manufacturer’s engineering facilities 
were not available for this work. 

We can notice no difference in the 
cost of operation of the engines that 


have been supercharged except main- 


tenance of the superchargers them- 
selves. This cost has been less than the 
cost of maintaining additional cylin- 
ders, especially since 1942 when we 


East African 


Since Sir Edward Twining, Gover- 
nor of Tanganyika, opened the valves 
of the 130-mile pipe line, supplies of 
petrol and gas oil have been flowing 
through the line to the groundnuts 
scheme in Southern Tanganyika. 

This 6-in. pipe line runs from 
Vitwara on the coast to the heart of 
the groundnuts area, 20 miles west of 
Nachingwea. To insure easy detection 
of any leaks it is supported just above 
the ground on logs. As a safeguard 
against ruptures occurring due to tem- 
perature changes the pipe line is 
“snaked.” It took 21 months to lay 
the line, mainly owing to difficulties 
of terrain, steel shortages, shipping 
delays, strikes, and lack of adequate 
landing facilities. 

Bulk storage tanks are situated at 
Vtwara and at the inland terminal, 


standardized on the use of high lead 
bronze bearings in the turbochargers. 
We have lost only one turbocharger 
rotor since this change and it was 
burned up because the crew again 
started the engine after the super- 
charger stopped due to lubricating oil 
pump failure. We have changed a few 
of the old style, noisy turbochargers to 
avoid purchase of parts for these obso- 
lete machines, but most of the super- 
chargers installed in 1942 are still in 


~, service. One of the two purchased in 


1940 is still in service and the other 
is in good mechanical condition and 
will soon be reinstalled on a 4-cylinder 
engine. 


130-Mile Pipe Line 


and a pumping station, 45 miles west 
of Mtwara. Maximum pumping rate 
for petrol is 26 tons per hour and 30 
tons for gas oil. Oil products thus 
take six days to reach the inland ter- 
minal from Mtwara. In addition to 
meeting the liquid fuel needs of the 
Overseas Food Corporation, the pipe 
line will be used to move gas oil and 
petrol to other users and so prove an 


asset in the economic development of - 


the area. 

Construction was supervised by 
Shell under the direction of J. M. 
Imrie, a 58-year-old Scot, who with 
other Shell technicians, brought expe- 
rience of similar work from such di- 
verse regions as Ecuador, Venezuela, 
West Africa, Suez, the Far East, and 
Australia. 


















































It is the writer’s opinion that ii 
would be to the advantage of mos: 
pipe line companies to supercharge 
old engines in locations where th: 
additional power could be used, eithe: 
for continuous operation to increas: 
output or to provide space capacity. 

There is every evidence that supei- 
charging has not approached its ulti- 
mate perfection, either by the Buchi 
system or the single pipe system. En- 
gines operating at 150 psi bmep are 
being offered with both systems. These 
increased ratings are obtained pri- 
marily by improved supercharger ei- 
ficiencies at the higher charging pres- 
sures and by cooling the supercharger 
discharge air. eee 
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Map showing new pipe line 
in East Africa to serve ground- 
nuts (peanuts) area. 


His Excellency, Sir Edward Twining, 
K.C.M.G., M.B.E., Governor of Tan- 
ganyika, performing the ceremony of 
opening the pipe line from Mtwara to 
the groundnuts area by turning the 
valve. J. M. Imrie is on the governor's 
right and on his left is G. T. Box, as- 
sistant general manager of The Shell 
Company of East Africa. 


Officer, Tanganyika Territory. 
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The Individual on the Job* 


What Are the Factors That Must Be Considered by 

the Employer to Assure His Employees of Being 

Happy at Their Work and Willing to Give Their 
Best Efforis? 


M. V. COUSINST 


Iwa day and at a time when we regu- 
larly see such headlines as “Ninety 
Thousand Chrysler Employees 
Strike,” “Two Hundred Fifty Thous- 
and Telephone Workers Threaten 
Strike,” “Three Hundred Sixty Thous- 
and Miners on Strike,” etc., it is easy 
to overlook the fact that in every case 
we are talking about individual people. 

With the group thinking and the 
sroup action that has become a part 
of our modern industrial world, the 
individual, with his hopes, his ambi- 
tions, his needs, and his fears, is al- 
most lost. 

The individual has characteristics 
that make it essential to consider him 
individually, to work with him indi- 
vidually, to help him individually, if 
that individual’s employment is to be 
satisfactory to him and if he is to give 
his best services to you. 

In this country, up to about the 
turn of the century, there was usable 
free farming land. A high percentage 
of the population lived on farms and 
the younger generation growing up 
could and usually did start its eco- 
nomic life on some of this available 
free land or from the cheap and easily 
bought surplus of others, or from a 
division of the family’s land. A few 
people were employed in public work, 
a few were tenant farmers, and a 
somewhat larger number were mer- 
chants and professional people. 

The percentage of self-employed 
was high—relatively few people 
worked for others and many of those 
who were employed had accepted that 
employment only to procure savings 
with which to buy farms or busi- 
nesses. With the development of the 
steam engine that gave us power and 
the cotton gin, and other mechanical 
devices that indicated the possibili- 
ties of mechanical inventions, there 
began a period of rather rapid change. 
The rate of this change was increased 
very greatly with the invention of the 


_ “Presented before the Southern Gas Associa- 
ticn, Galveston, Texas, March 27-29, 1950. 

Director of Personnel, United Gas Pipe Line 
Company. 
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electric generator, copper wire con- 
ductors and motor combination that 
gave us real flexibility of power appli- 
cation. Manufacturing establishments 


‘were begun as small units and with 


time became larger and larger. The 
increased output due to improved 
manufacturing processes lowered 
prices so that more people could buy 
and hence more people were need- 
ed in manufacturing and service es- 
tablishments. There has been a con- 
tinuing increase in the percentage of 
our population who were employed 
by others, this increase being at the 
expense of fewer and fewer on the 
farms and otherwise self employed. 
A younger generation growing up is 
no longer predominantly  self-em- 
ployed but rather enters the employ- 
ment of others when they begin their 
economically independent life. 

As the size of our manufacturing 
units grew, many to enormous size, it 
was only natural that the individual 
employee received less and less atten- 
tion. The original owners of the busi- 
nesses were forced to employ mana- 
gers when the size of the units became 
large, and these managers were very 
involved in meeting competition, im- 
proving manufacturing processes, etc. 
The individual employee received 
less and less attention and the atten- 
tion he received was often based on 
expediency rather than on a long 
range plan of thinking, and decisions 
were made that were often arbitrary 
rather than well thought out and 
equitable. There was much in this 
situation that was not good or fair to 
the individual employee and at least 
partially as a result large unions be- 
came the companion piece of large 
employers. 

I am one of those who believes that 
the future of good employee relations 
depends very largely on we as em- 
ployers finding ways and means for 
the individual employee to achieve the 
fundamental needs for himself and 
his family with the real satisfaction 
to himself that he once would have 
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attained working for himself on his 
own farm or in his own business. | 
do not believe I need argue that this 
is becoming more important. 


My purpose today is to point out 
to you a few areas of thinking and 
action in which I believe there is real 
promise of improved relations with 
your individual employees on their 
jobs. - 


Place in Right Job 


My first area of discussion centers 
around the job this individual is do- 
ing for you today; that is, his imme- 
diate work assignment. It is element- 
ary to say that all of us want to do 
work that we can accomplish well and 
with confidence. If this is true, it 
means that we need make a very seri- 
ous effort to place our employees in 
jobs that fit them. 

Now I do not believe that there is 
one exact job that a man is best fitted 
for. I subscribe rather to the idea 
that there are general types of work 
that fit the man and there are other 
general types of work in which the 
man is a misfit. 

In my company we have many jobs 
that require mechanical skill; that is, 
the mental ability to understand me- 
chanical equipment and the physical 
dexterity to operate and maintain that 
equipment. It is almost a tragedy for 
a man to get into and continue in 
such a job if he has no inclination or 
ability to do mechanical work. 


I believe that what I say of my com- 
pany is generally true of the gas in- 
dustry. We all have many mechanical 
jobs to be done and I suspect that 
most of us can recall instances where 
we employed persons for such jobs 
who were not competent and who did 
not become really competent. They 
were misfits—not because there was 
something wrong with them—but be- 
cause they lacked aptitude for that 
particular work. 


The same is true for other types of 
work; it is not limited to the mechani- 
cal field. You can probably call to 
mind clerical workers who have gone 
along year after year never bad 
enough to require dismissal, never 
good enough to be promoted. Tragic- 
ally enough if we go back into such 
a man’s early employment, it was usu- 
ally apparent in the first few months 
he worked on the job that he lacked 
qualifications for the type of work he 
was doing. The opposite, and the con- 
dition that is of course more generally 
true, is the employee who is well 
placed in his work and who improves, 
does a good job, and goes ahead. Be- 
cause of the fact that people are not 
happy in work they do not do well 
and therefore quit such jobs, I think 


D-23 








af 


Koehring 205 also handles 12-yard 
shovel or hoe dipper... 734-ton crane. 
Mounts on heavy-duty crawlers, or on 
pneumatic tires for fast, mobile truck 
service. Other Koehring sizes: 34-yard 
304... 1Y%a-yard 605... 22-yard 
1005. Whatever size or type you need, 
your local Koehring distributor has the 
lowest-cost answer ... see him soon. 
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MODEL 250 


PO ER 8 


SETS FAST PIPELINE PACE 


Here’s a high-speed pipeline trencher that can set a 
fast schedule for your crew. Rugged Parsons 250 lad- 
der-type Trenchliner has 30 digging speeds from 3.8 
inches to 9.75 feet per minute . . . provides maximum 
digging efficiency in any type of material short of 
solid rock. It digs 16 to 42 inches wide, up to 121 
feet deep . . . produces clean, smooth-walled trenches 
that are ready for pipe. No extra, costly hand trim- 


ming necessary. 


Production stays high, costs low because of these 
Parsons heavy-duty features: Arch-type frame rigidly 
supports telescopic digging boom . . . keeps boom 
precision-aligned for accurate grading. On uneven 
terrain, oscillating 3-point suspension mounting keeps 


entire machine on an even keel . . . keeps twists and 


PARSONS 


“TRADEMARK REG U S PAT. OFF 
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strains from main frame . . . assures uniform ground 
pressure. In toughest digging, safety overload clutch 
cushions shock loads, protects operating machinery 
from abnormal strains. All main gears are fully en- 
closed, run in continuous oil-tight bath . . . assure 


steady, trouble-free performance day after day. 


Ask your nearest Parsons oil field distributor for all 
the facts on what this 250 ladder-type Trenchliner 
can do for you. He has complete information, too, 
on the smaller Model 221 crawler-mounted Trench- 
liner, and the big Model 310 for heaviest duty dig- 
ging. Ask, too, about the new utility-size Model 80 
Trenchmobile on rubber tires, for extra speed and 
lower costs on your small pipeline excavations. It will 
pay you to call your Parsons distributor today. 


COMPANY 


NEWTON, IOWA 














this is the rule. There are enough ex- 
ceptions, however, and they are suffi- 
ciently serious to warrant us working 
harder to place people in their proper 
types of work. Science, when we catch 
up with it, can probably help us ma- 
terially but what will help us most 
right now is to use the knowledge 
and judgment we already have. 


[t is very seldom that the foreman 
or supervisor does not know within a 
few months of his employment 
whether or not a man is fitted for the 
work he is doing. I think we must 
realize that we are not doing the em- 
ployee a favor by continuing him in 
such work but rather are risking seri- 
ous long time injury to his best inter- 
ests. Very often we are doing the man 
a favor by dropping him from. the 
payroll if no work that fits him is avail- 
able. | am afraid we are a party to 
the creation of personnel problems 
when we continue such a man in work 
for which he is not fitted. 

By all means let’s use the judgment 
and common sense we have, and get 
people into the kind of work they can 
do effectively for us and with satis- 
faction to themselves. 


Employee Treatment 


My second area of discussion re- 
lates to the treatment of the employee 
on the job. Now, we all want to be 
treated well, dealt with fairly and with 
dignity. This relates particularly to 
the treatment we, as employees, re- 
ceive from our supervisors. 


We all know we are employed to 
do the work our employers have for 
us to do. We expect to work; we ex- 
pect to be supervised, directed, and 
instructed in that work, but we expect 
this supervision and direction by our 
superiors to be done in such a way 
that we retain our personal dignity, 
our self-respect. 

The best supervisors are leaders not 
bosses. Unfortunately leadership is 
difficult to define and more difficult 
still to develop. In real life each of 
our supervisors is a combination of 
part leader and part loss. Some have 
more leadership, some have less. The 
development of those qualities of 
leadership that make for good super- 
vision is not easy. The fact that it is 
needed, however, is shown by the 
conclusion of a great many persons 
who should know that most of our em- 
ployee grievances and bad feelings de- 
velop through improper supervision. 

lf this is true, and I believe that 
it is true, then we need to make every 
effort toward the development of good 


supervisory qualities in our foremen.. 


So much is easily agreed upon, but 
how to-accomplish it is difficult and 
subject to many opinions. Many of 
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us have attempted to develop pro- 
grams that would improve the quali- 
fications in our supervisors. 

At the risk of repeating what all 
know, I would like to make a few sug- 
gestions in this matter of supervisory 
development. First, remember that 
the best training is training by ex- 
ample. If you, as a superintendent or 
executive, exercise care and judgment 
in supervising and directing the peo- 
ple under your supervision, they in 
turn will be likely to develop the same 
qualities in the direction and super- 
vision of the people under them. Sec- 
ond, we should see that supervisors 
have opportunities to discuss ideas in 
regard to supervision. At the work 
level we expect our supervisors to 
react properly and almost automatic- 
ally in critical situations. Certainly in 
every-day work there is not sufficient 
time for slow deliberate analyses. 

Third, I would suggest you work to 
develop a real understanding among 
supervisors of the policies and phil- 
osophy of your organization. It is 
fairly easy to write a policy but it is 
not easy to develop real understand- 
ing. I believe that a great deal of talk 
and discussion is necessary to develop 
a real basic understanding of the 
philosophy back of that policy among 
the supervisors of any company. 

One supervisory development 
method that seems to be very effective 
is to use foremen’s meetings, planned 
foremen’s conferences, etc., to talk 
out critical employee relation situ- 
ations. From my experience, one value 
of such discussions of problem situa- 
tions by people on relatively equal 
status, seems to be that members of 
the group are able to argue points of 
opinion and adjust their differences 
better than is done between super- 
visors and those under their super- 
vision. 

Our need is to develop our fore- 
men and other supervisors within in- 
dividual companies to the point that 
they act and react almost automatic- 
ally along the same basic lines. It is 
extremely important that different 
foremen in an organization react 
similarly under similar circumstances. 
This can be accomplished only by 
having a close knit communicative 
group of supervisors. 


Supervisory training and develop- 
ment and guidance must always be an 
important part of supervisory and ex- 
ecutive training and we need to give 
it continuing attention. 


Economic Advancement 


My next area of discussion is 
around the fact that we-all want to 
do better. to improve our economic 
situation. 





This is normal and natural and :o 
be commended. It is the basis ‘of our 
American competitive free enterprise 
system. It is an important part of 
what has made America a great coun. 
try and it must be encouraged. 

Now there are two possible ways 
for an employed man to improve his 
economic situation. He may get more 
money for doing the same work he 
is now doing; or he may get more 
money for doing a better, a more re. 
sponsible, a more difficult job. There 
are just these two possibilities— 
more for what is now being done or 
more for doing a higher rated jol). 

I think this is important and would 
like to discuss these two philosophies 
for a moment. The philosophy of get- 
ting more for the work now being 
done is a negative philosophy. It nec- 
essarily starts with the assumption 
that the employee is not getting what 
he now deserves. It means that some- 
one has, to some degree, given him 
less than he justly should receive. 
One result of such thinking can easily 
be a determination not to give any 
more work than the short pay he is 
receiving justifies. 

The philosophy behind getting 
more for doing a better, a more difh- 
cult, a more responsible job is a posi- 
tive philosophy. It is basically giving 
more value of service in order for the 
employee to obtain a greater finan- 
cial return. It is this philosophy, this 
thinking that has caused you, gentle. 
men and other leaders in our industry 
to progress to your present positions 
of responsibility. I believe that the 
development of this philosophy 
among employees is not only desir- 
able but necessary if both the em- 
ployee and his employer are to derive 
greatest benefit from their relation- 
ship. 

I consider this to be so important 
that I would like to point out some 
of the elements that encourage the 
trend of thought toward doing a bet- 
ter and bigger job in order to obtain 
a greater financial return. 

First, I believe that it is essential 
that the employee have a real oppor- 
tunity for advancement. If there is 
no probability of an increase in in- 
come as a reward for doing a better 
job, if the possibility of promotion 
to a higher paying job is lacking, ex- 
tremely few people will put their best 
efforts into their work. 

Second, there must be enough addi- 
tional pay for doing the higher rated, 
more difficult, more responsible job 
to make worthwhile the additional ef- 
fort required of the employee to carry 
the additional responsibility. 


Third; to be really effective, this 
opportunity for promotion must be on 
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a basis that the employee believes is 
fair to him. Some of the deepest seated 
grievances that I have ever known 
have been those that have resulted 
from a man’s not getting a promotion 
that he felt he had a right to expect. 
The basis for the determination of 
who is to be promoted when there is 
a vacancy deserves far greater study 
than is usually given to it. 


I believe there is one other element 
that is necessary in order to fully de- 
velop the thinking I have discussed. 
This is that the employee must be en- 
couraged and assisted to develop 
himself. Most people do wish to de- 
velop their capabilities, but few can 
do this without outside assistance and 
encouragement. The methods of work- 
ing toward the training, the education, 
the development of employees is an 
extremely important topic, one that 
I cannot cover now but do suggest 
that it be made a topic in our next 
year's Employee Relations Sections’ 
discussions. 


Security 


My next area of discussion is 
around the fact that we all want and 
need to feel secure. As a country we 
may be over-sold on security to the 
degree that*we are willing to see our 
government go too far in controls and 
taxation in attempting to attain that 
security. If this is true, it only illus- 
trates and proves the fact that there 
is something basic in our desire for 
those things that we believe make for 
security. 


I sometime doubt, however, whether 
we have given enough thought to the 
basic elements of real security. For 
example, I doubt whether we have 
thought and talked enough about the 
very real fact that it is probable that 
the greatest security any of us can 
have and yet maintain our freedom 
is to have a job and perform it satis- 
factorily in a successful company that 
provides a necessary and useful serv- 
ice for its customers. Certainly the gas 
industry is in this class and I believe 
we can assume that our employees are 
doing necessary jobs in a satisfactory 
manner, but I doubt whether most 
of us, and most of the employees un- 
der our supervision, properly appre- 
ciate the secure position we are in 
by virtue of the jobs we hold. 

Security, however, is more than a 
job today, it is also protection against 
the future. While we can all take care 
0! normal day to day situations, few 
oi us can save enough to have suffi- 
cient income on retirement or to take 
care of emergency situations that 
arise from serious personal and fam- 
ily illnesses and accidents. 


'efore the development of this in- 


dustrial age in which we are now liv- 
ing, family and community ties were 
stronger and food and shelter were 
not usually purchased totally from 
earnings. Furthermore, medical sci- 
ence and hospital facilities were not 
used to the degree they are today. 
Therefore, sickness was not the eco- 
nomic catastrophe it now is. I am 
sure we can all think of cases where 
savings have been wiped out and 
heavy indebtedness has been incurred 
through the serious illness of an em- 
ployee or among members of his 
family. 

The employee’s protection from 
such events usually comes from pro- 
grams that include plans for continu- 
ation of the employee’s pay during 
serious illness and insurance against, 
the heavier expenses such as that pro- 
vided through group hospital and sur- 
vical expense coverage. These are 
rather well known and in rather gen- 
eral use in our industry. They have 
been discussed often in our employee 
relations sectional meetings and the 
various plans in use are rather well 
known. 

While not too pleasant to contem- 
plate, all of us will come to the end 
of our useful working days either 
through death or retirement. On our 
darker days, we wonder what will 
happen to our families if we should 
suddenly pass out of the picture, and 
on our brighter days, we look forward 
to retirement when we will be fish- 
ing, golfing, gardening, hunting, or 
whatever our fancy dictates to be a 
more desirable thing to do than work. 
Group life insurance and retirement 
plans are the solution to these two 
problems. They are not only desirable 
but in the present day and way of 
thinking almost essential. 


I do not think I should leave this 
discussion without pointing out to 
you one other matter. Up to 10 or 15 
years ago, most employed persons re- 
ceived all the reward for their work 
in their pay envelope. When a per- 
son left one job, his loss was usually 
only the loss of working time required 
to find a new job. In contrast to that 
situation, most of our companies now 
have several if not all of the benefit 
programs that I have outlined, all of 
which cease the moment the employee’s 
services are terminated. In addition. 
we have all either consciously or sub- 
consciously given very considerable 
weight to the element of length of 
service with our companies in making 
promotions, in continuity of employ- 
ment when lay-offs were necessary. 
and in many other situations. 

As a result, the tie between the 
company and the employee has tend- 
ed and seems to continue to tend to 
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become stronger with increased 
length of service. As employers we 
have wanted our employees to build 
up retirement and insurance benefits 
for themselves. We have wanted to 
assist. employees and their families 
in times of stress, and have set up 
many of the benefit programs I have 
outlined, designed to so assist them. 
We have been human and helpful 
much to the credit of our companies. 
These things have gradually changed 
the employer-employee relationship 
to a remarkable degree. They have 
increased the employer-employee tie 
and have made his continued employ- 
ment critically important to the em- 
ployee. They have made the employ- 
ee’s tie to his employer so much more 
than a matter of a day to day or 
month to month relationship that 
most of our employees today consider 
their present employment to be a life 
time career matter. This is generally 
good and it is certainly to industry’s 
credit. Having come to that point, 
however, we must recognize that the 
employer-employee relationship has 
become something of a familial rela- 
tionship. It has a strong tendency to 
be continuing very much as the re- 
lations within a family are continu- 
ing. Under these conditions, a satis- 
fied employee takes unusual pride in 
the success and in the achievements 
of his company. But also under these 
conditions, the employee who is dis- 
satisfied with his employment does 
not quit his job as he probably would 
have done 10 to 20 years ago. Now 
he feels a strong compulsion to stay 
with his job and the benefits he has 
built up, and he often stays even if 
his situation is such that he is .un- 
happy in his work. Several years ago, 
a friend, not an employee of a gas 
company, was grieving to me about 
his personal problem. He had a rather 
good job in a good company but cer- 
tain matters had developed that made 
his work situation very difficult. After 
outlining these difficulties, he stated 
at length the benefits he had accrued 
in his company that would be lost if 
he quit his position. He added the 
matter up by saying that he just could 
not afford to quit. I have heard similar 
feelings expressed in a number of such 
situations. 


As employers we have built up this 
tie with our employees in order to 
give them security. Having done this, 
we have the responsibility to both 
those employees and the owners of 
our companies to develop this into 
a friendly tie to the benefit of all 
parties. The employee must have sat- 
isfaction in his work, must receive 
recognition for his work, and encour- 
agement to do better work. He must 
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Store and Coat Your Pipe 
In-transit at St. Louis 


on minimum freight rates 


standard pipeprotection ine. 
offers important services... 


The largest permanent storage area in the industry 
...to facilitate low-cost distribution of your pipe. 


Storage of your pipe as long as 12 months without 
freight penalty...to be coated, wrapped and 
shipped when you need it. A convenience and an 
economy for you. 


Write now for information about schedules. 
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have real opportunity for advan:e- 
ment. He must be allowed the opp«r- 
tunities that every one of us here in 
this room want and feel we have a 
right to expect. As supervisors «nd 
as executives, we must give séricus 
consideration to this present day tie 
between the people under our super. 
vision and our company as their em- 
ployer. We must make very real ef. 
forts to help them to realize their 
wants and ambitions so that the em. 
ployer-employee relationship will jot 
become onerous or worrisome hut 
rather pleasant and beneficial. 

I would like before I conclude to 
take an optimistic view of our employ- 
er-employee relationships amone the 
companies in the Southern Gas Asso- 
ciation. I have been intimately ae. 
quainted with what has gone on in 
most companies in this area in the last 
10 years, and have worked in the in- 
dustry in this area for 25 years. 

I am of the firm opinion that today 
we know more about our individual 
employees, their individual abilities. 
ambitions, and hopes than we have 
ever before known. I believe we are 
working harder to give good and 
continuous employment and _ oppor- 
tunity for advancements I believe 
that more and more attention is be- 
ing given to the development of a top 
quality supervisory force. In turn | 
also believe that the employees of our 
industry are better satisfied, under- 
stand their advantages and possibili- 
ties of development better than ever 
before. 

If I am right in these observations. 
then we are well on the road to in- 
creasingly better relations with our 
employees. But I think we must keep 
before us the fact that we have 
achieved our present situation only 
by very real effort toward bettering 
employee relations along with and as 
a part of our efforts toward improve- 
ment in our general operations. 


In conclusion, I would like to offer 
the opinion that the future of our 
industry, possibly the future of our 
way of life, may depend on our abil- 
ity as management, while successfully 
operating our companies in a regu- 
lated competitive economy, to build 
the kind of relations with our indi- 
vidual employees, on our individual 
jobs that will cause the sum total of 
these relations to be of such a nature 
that each individual employee. will 
develop and progress within the limi- 
tations of his abilities, be secure with- 
in the limitations in which we can 
provide security, be well and fairly 
treated personally. If we will do this, 
we can expect to have the greatest of 
all securities—a willing, cooperative 
corps of fellow employees. * * * 
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You men interested in laying pipe regardless of 
size or location want a trencher that stands up 
under the worst kind of punishment and delivers 
steady dependable schedule-beating performance 
day after day without costly down-time for main- 
tenance and repair. That’s why CLEVELANDS are 
the choice of the pipeline men handling the tough- 
est jobs in all parts of the world. These advanced 
wheel-type machines are engineered for new 
higher capacity, built with perfect balance on full 
wide crawlers with low ground bearing pressure 
for easier handling in all terrain. Plenty of smooth 
power is directly applied in a wide range of 
transmission -controlled travel and cutting speed 
combinations. All-welded CLEVELANDS are tough. 
Put them to work making money for you—on main, 
transmission, distribution, service 

and gathering lines. Get details 

from your distributor or write direct. 


THE CLEVELAND TRENCHER CO. 
20100 ST. CLAIR AVENUE © CLEVELAND 17, OHIO 
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Use of Solid Adsorbents 
in Natural Gas Drying” 


Performance of desiccants under variable conditions of 


velocity, humidity, and regeneration observed in tests. 


EP. WILKINSONE and B. J. STERKT 


Tue detrimental effects of water in 
natural gas are well known. Condensa- 
tion of moisture may cause corrosion 
of pipe lines. Water may combine 
chemically with components of natural 
gas to form solid gas hydrates, com- 
pounds that are stable at high pres- 
sures, well above the freezing point of 
water, These solid particles tend to 
collect at constricted points in the 
transmission system, such as meters 
and valves, where they prevent effi- 
cient operation. 


The means used to overcome these 
difficulties are varied. At the beginning 
of gas dehydration practices, calcium 
chloride lumps were used. For short 
distances, heating of the pipe lines 
may preclude hydrate formation. The 
use of. inhibitors such as ammonia, 
acetone, and the lower alcohols may 
obviate the need for dehydration. Of 
more recent origin are the glycol 
liquidtype desiccants, with which dew 
point depressions of 55 F are re- 
ported.’ The natural gas industry is, 
of course, well acquainted with the 
satisfactory dehydration obtained with 
the aluminum oxide base adsorbents. 
Dew points to — 104 F have been re- 
ported? with these solid type desic- 
cants. 

When Socony-Vacuum made avail- 
able to industry its new solid desic- 
cant, S/V Sovabead, it was only 
logical that the product should be 
considered for natural gas drying op- 
erations. Sovabead is a siliceous mate- 
rial, with high moisture adsorption 
capacity. In addition, the spheroidal 
form of the large beads gave promise 
of low resistance to gas flow and small 
pressure drops, while its strength and 
resistance to attrition seemed to indi- 
cate that there would be no dusting to 
impede gas flow in long-term opera- 
tion. When the product was placed in 
commercial units it soon became ap- 


*Presented before Spring Meeting, Natural 
Gas Department, American Gas Association, 
Tulsa, Oklahoma, May 8-9, 1950. 

tMagnolia Petroleum Company, Houston, 
lexas. 

Technical Service Department, Socony- 
Vacuum Laboratories, Brooklyn, New York. 
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parent that it did indeed have promise 
in this capacity at high temperatures. 
It was reported to be unusually resist- 
ant to fouling by sour gases. Concur- 
rent with field reports of these advan- 
tages, plant-scale controlled tests were 
conducted, and laboratory tests were 
set up to determine methods of using 
Sovabead to maximum advantage. 
The following material presents the 
results of these plant-scale and labo- 
ratory tests, as well as performance 
data from typical field units now in 
operation with Sovabead. This infor- 
mation is significant in design and 
opération of commercial drying units. 


Plant-Scale Tests 


Plant-scale tests were undertaken in 
order to determine, under carefully 
controlled conditions, the adsorption 
capacity of Sovabead when used as a 
dehydrating agent for natural gas \in- 
der actual operating conditions, and 
also to effect a comparison with an 
established drying agent, activated 
alumina. The tests were conducted at 
the Seeligson natural gasoline plant 
operated by the Magnolia Petroleum 
Company at Premont, Texas. The dry- 
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ing unit, Type 35M-1000, manufac. 
tured by the National Tank Company, 
consisted of two towers, each contain. 
ing about 6000 lb of desiccant. One 
tower was charged with Sovabvad; 
the other, with activated aluriina, 
Grade F. The unit was operated at a 
constant flow rate of 20,000,000 std 
cu ft a day, and each tower was re. 
generated when the dew point of the 
effluent gas reached 20 F. Pressures 
varied between 800 and 900 psig; 
temperatures between 75 and 00 F, 
Regeneration was effected at 300 F, 
and the regeneration stream, flowing 
at 1,200,000 std cu ft a day, was shut 
off when the effluent temperature of 
the regenerating gas reached 300 F. 

The adsorption capacity of the 
desiccants was determined on the basis 
of the weight adsorbed to a dew point 
of + 20 F (dew points at the begin. 
ning of each cycle were below — 20F 
for both desiccants). The results are 
given in Fig. 1, which at the outset 
shows a rapid loss in adsorption ca- 
pacity for both adsorbents. 

Following this period (12 weeks) 
of rapid loss in capacity, the Sovabead 
curve flattened out at 10-11 per cent 
adsorption capacity and remained at 
that figure until completion of the 
test, while activated alumina continued 
to lose capacity but at a slower rate. At 
the conclusion of the test, the adsorp- 
tion capacity of the alumina had de- 
creased to 3 per cent. 


Pilot Plant Tests 


In the course of the plant-scale tests 
at Seeligson some difficulties were ex- 
perienced with excessive water in the 
early parts of the test. As might be 
expected, the water caused breakage 
of the Sovabead and appeared to cause 
caking of the alumina, thus excessive 
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FIG. 1. Adsorption capacity vs. time. 
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FIG. 2. Adsorption capacity vs. velocity. 
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pressure drops through both desiccant 
beds were experienced until the oper- 
ating condition was corrected. This 
condition had also been reported from 
some of the other field units already 
charged with Sovabead. Therefore, a 
laboratory pilot plant was set up and 
operated for about six months to de- 
termine the best methods of utilizing 
Sovabead and protecting it from de- 
terioration. At the same time, at the 
request of manufacturers and oper- 
ators of drying units interested in util- 
izing the high capacity of Sovabead. 
the effect of velocity on adsorption 
capacity was investigated. In addition, 
the effect of “relative humidity” of 
the influent gas on adsorption capac- 
ity was analyzed. 

The laboratory apparatus consisted 
of a 15-ft tower 3 in. in diameter, fitted 
with appropriate thermometer wells. 
pressure taps, and condensate drains. 
The adsorbing tower also contained 
windows at 2-ft intervals along its 
entire length. The pressure during ad- 
sorption was maintained between 150 
and 250 psig, while the influent tem- 
perature varied between 70 and 105 F. 

he unit was arranged so that regen- 
eration could be carried out either 


TABLE 1. Effect of variables on Sovabead breakage. 





concurrently (regeneration stream in 
the same direction as the process gas) 
or countercurrently (regeneration 
stream in the opposite direction to the 


process gas) at a pressure of either 
200 or 800 psig. 


Regeneration and Breakage 
Particular emphasis in the pilot 
plant work was placed on the regener- 
ative cycle as it was felt that the con- 
densation of desorbed moisture was 
the cause of breakage. As anticipated. 
at 800 psig, it was possible to remove 
both gasoline and water from the top 
drains of the column, one of which 
was situated above the bed, and the 
other 6 in. below the top of the bed. 
At the higher. pressure, condensation 
of water appeared on the upper win- 
dows of the tower, while at 200 psig 
no condensation of water was noted 
on any of the windows. At both pres- 
sures, gasoline appeared on all win- 
dows. Factors considered were the 
direction of regeneration flow, regen- 
eration pressure, and length of adsorp- 
tion cycle. 

Test runs were made for 12 com- 
plete adsorption and _ reactivation 
cycles. At the conclusion of the runs 





Direction of 
regeneration 
Desiccant flow 
S/V Sovabead Concurrent 
S/V Sovabead Countercurrent 
5/V Sovabead Countercurrent 
S/V Sovabead Countercurrent 
*V Sovabead plus 
Sovabéad W Concurrent 
Sovabead W Countercurrent 


Length of 


Regeneration Breakage, * 
adsorption pressure, per cent through an 
eyele, hr psig &-mesh screen 

8 200 8. 

S 200 3.4 
8 800 4.0 
6 800 4.5 
x . 800 1.1 
8 800 1.0 


“ New Sovabead analyzed 0.5 — 1.0 per cent through an 8-mesh screen. 


——__ 





—— 
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the top third of the bed, where the bulk 
of the water and hence most of the 
breakage would be concentrated, and 
the remainder of the bed were sepa- 
rately screened. The percentage. of 
desiccant passing through an eight 
mesh screen was conveniently taken 
as a criterion for breakage. The data 
from this testing (first four lines, 
Table 1) indicates that: (1) Counter- 
current regeneration results in appre- 
ciably less breakage than concurrent 
regeneration (no breakage was en- 
countered in the lower two-thirds of 
the bed). (2) greater breakage is ex- 
perienced at the high pressure regen- 
eration, and (3) the length of the 
adsorption cycle has little effect on 
breakage. 


In none of these tests was breakage 
completely eliminated. Tests were then 
performed with a protective or buffer 
desiccant in the upper part of the 
tower. The buffer chosen was Sova- 
bead W, a product of high mechanical 
strength coupled with high adsorption 
capacity at high humidity but with 
low capacity at low humidity. The sub- 
stitution of this product for Sovabead 
at the top of the tower to the extent of 
25 per cent of the bed depth eliminated 
all significant breakage, as indicated 
in the last two lines of Table 1. 


Velocity and Capacity 


Although previous work* in drying 
air at atmospheric pressure had shown 
clearly that the capacity of desiccants 
is affected by air velocity, no labora- 
tory work has been done on this phase 
of natural gas drying. Therefore the 
pilot plant equipment was used to de- 
termine the capacity of Sovabead. 
which had been through 12 to 20 re- 
generations, at various gas velocities 
and a pressure of 200 psig. The results 
presented in Fig. 2 show that adsorp- 
tion capacity increases slowly and 
quasi linearly with decrease in gas 
velocity from 80 to 20 ff per min and 
then increases sharply to the equilib- 
rium capacity (38 per cent for new 
desiccant) as zero velocity is ap- 
proached. A 50 per cent increase in 
adsorption capacity is obtained in 
going from 75 to 8 ft per min. 


Humidity and Capacity 

In most cases natural gas to be de- 
hydrated is saturated with water 
vapor. However, there are instances 
where the gas has to travel long dis- 
stances to the dehydration unit, and 
any increase in temperature of the gas 
in the long lines will be accompanied 
by a decrease in its “relative humid- 
ity.” Under these conditions, any dry- 
ing unit will suffer a loss in adsorptive 
capacity. 

Pilot plant tests on the effect of 
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in Handy Tape Form 


..Sigeed bolle fob 





Tapecoat in 24” width is the econom- 
ical coal tar coating for “cigarette- 
wrapping” mechanical couplings. 





Tapecoat in 18” width—the size for 
“cigarette-wrapping” sleeves, large 
pipe bends and joints on large diam- 
eter pipe. 





Tapecoat in 6”, 4”, 3” and 2” widths 
—ideal for spiral-wrapping welded 
field joints, service connections, pipe 
under streets and sidewalks, and 
pipe through building walls, etc. 


Write for full details and prices on Tapecoat 
—the coal tar coating with a width for 
every purpose. 


* Reg. U.S. Pat. Off. 


re TAPECOAT 


Company 


1523 Lyons Street, Evanston, Illinois 


489 Fifth Avenue, New York 17, N.Y.; Jas. E. 
Mavor Co., 514 M and M Building, Houston 2, 
Texas; 175 Niagara Street, Denver 7, Colo. 
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TABLE 2. Effect of relative humidity 





Adsorption capacity, _ 
per cent of desiccant by weight 





Gas dried to Gas,91F  Gas,125F35 percent 
effluent dew point, F — satura rel. humidity 
20 14 7 
0 16 9 
10 17 10 
20 18 11 








TABLE 3, Effect of inlet temperature 


ov adsorption capacity of Sovabead. 





Temperature of Adsorption 
inlet gas, F capacity, weight per cent 
65 10.2 
75 10.2 
85 10.3 
95 10.2 
100 10.6 
105 11.6 
110 11.4 
115 10.8 
120 11.6 








relative humidity on the adsorption 
capacity of a gas were made with a 
gas saturated at 91 F and another satu- 
rated at 90 F but heated to 125 F to 
give a relative humidity of 35 per cent. 
The results given in Table 2 showing 
the relative desiccant capacity when 
drying these two gases to various dew 
points clearly portray the decreased 
adsorption capacities obtained at the 
lower relative humidity. 


Field Performance 


In addition to the investigations de- 
scribed, which required close control, 
it has been possible to obtain informa- 
tion from the operating data of various 
commercial units using Sovabead. 
These data bring out information con- 
cerning the effect of temperature on 
adsorption capacity and the effect of 
sour gas on adsorption capacity. 


Temperature and Capacity 


High inlet gas temperatures create 
operational problems regardless of the 
desiccant used. In the first place, for 
every 20 F rise in temperature the 
water carrying capacity of the gas is 
approximately doubled; thus, if the 
temperature of the influent gas is in- 
creased while maintaining a saturated 
state, a greater load is placed on the 
desiccant. In addition, at higher tem- 
peratures high molecular weight hy- 
drocarbons including adsorption oils 
are dissolved in the gas stream and 
condense on the desiccant beds to 
cause fouling and reduction in capac- 
ity. The effect of temperature alone is 
reflected in the performance of the 
conventional desiccant, Florite, the ad- 
sorption capacity of which reportedly” 
varies from 10-15 per cent at 40 F to 
3.5 — 5 per cent at 110 F. 

To determine the performance of 
Sovabead at various temperatures, the 
data in Table 3 were obtained from 
two plants where operating temper- 
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atures varied over a_ considecable 
range. It will be noted that Sova head 
retains high capacity at tempera‘ures 
up to 120 F. Laboratory results have 
shown that dew points in the vir inj 
of — 45 F are obtainable at te:rper. 
atures of 200 F with air at atmospheric 
pressure. 


Effect of Sour Gas 


The dehydration of sour gas jg 
troublesome to operators. Although in 
many operations the gas is sweetened 
before drying, there remain other op. 
erations where the sweetening process 
is not economically feasible. In these 
latter cases the performance of the de- 
hydration units on sour gas streams 
is of considerable importance. 

In order to determine the perform. 
ance of Sovabead in drying sour gas, 
data were obtained from a plani oper. 
ating on a sour gas stream of such 
quality that the conventional desic- 
cant, activated alumina, was effective 
for a very short time and was changed 
every 45 days on the average, with a 
maximum life of 60 days. The unit 
consisted of two towers operating at 
5,000,000 std cu ft a day, 95 F, and 
600 psig, with countercurrent regen- 
eration to a maximum effluent temper- 
ature of 325 F. The gas contained hy- 
drogen sulfide in quantities varying 
from 1800 to 2000 grains per 100 std 
cu ft. The gas, except for a conven- 
tional water scrubber before drying, 
was untreated. 

One tower was charged with 4700 
lb of Sovabead and 300 lb of Sova- 
bead W; the second tower, with 5000 
lb of activated alumina. After 40 days 
of operation, the data for a typical 
24-hr period of operation were as fol- 
lows: 








Tower with Tower with, 
Sovabead activated alumina 
Hours of adsorption... 18 6 
Efftuent dew point, F.. —20 +25 








It is evident that the Sovabead tower 
is carrying some three-quarters of the 
load on the unit with excellent dew 
point depression, while the tower 
charged with activated alumina has 
decreased appreciably in capacity as 
evidenced by its short adsorption cycle 
and the relatively high dew point of 
the effluent gas. 

The test was discontinued, but after 
514 months the Sovabead was still 
in use while the activated alumina had 


been replaced with S/V Sovabead. 


Influence of Data 


In addition to the obvious advan- 
tages of the bead-type desiccant in op- 
erations involving sour gas and gases 
at high temperatures, the foregoing 
investigations and data have practical 
significance in the operation of units 
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line—the 5”’ Stroke Direct Flow 
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maintenance economies. Drive 
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engine, turbine or internal com- 
bustion engine. Request Data 
Sheet 64. 
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under more normal conditions and in 
the design of new units. 

A desiccant of high adsorption ca- 
pacity permits the design of more 
compact and economical units. The 
adsorption capacity of 8 per cent, 
demonstrated by the controlled plant- 
scale tests and other supporting field 
data, as compared with the usual 5 per 
cent capacity for aluminum oxide-base 
adsorbents, makes possible savings 
in steel and insulating material. Such 
compact units will, of course, have the 
advantage of lower operating costs. In 
addition, the higher adsorption capac- 
ity realized at low velocities, as demon- 
strated by the pilot plant tests, leads 





to interesting possibilities of design- 
ing for large bed area and low veloci- 
ties, particularly with Sovabead, 
wherein the high adsorptive capacity 
is further utilized. This aspect of de- 
sign is now being realized in radial 
flow units, which are designed to in- 
troduce the gas around the periphery 
of a cylindrical bed of desiccant with 
the gas emerging from a hollow core 
in the desiccant bed. In this fashion, 
large bed area with attendant low 
velocity and high adsorption capacity 
is obtained in a compact unit. 

High adsorption capacity in the op- 


- eration of existing units is perhaps of 


more immediate interest. It has two 
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advantages: (1) It increases plant a. 
pacity, and (2) when increased plent 
capacity is not required, the high 2d. 
sorption capacity can be utilized to 
prolong the on-stream time of the 
desiccant. In the first case, it is pos. 
sible, when desired, as it often is in 
these days of increasing demand, to 
step up the gas flow through the unit 
and thus increase plant capacity with. 
out the installation of additional dry. 
ing units. In the second case, where 
additional capacity is not required, 
the adsorption cycle can be length. 
ened, and, thus, less frequent reactiva- 
tion is possible. Since reactivation is a 
primary cause of loss of adsorption ca- 
pacity, the overall life of the desiccant 
is appreciably increased. 


Laboratory investigations show that 
methods of regeneration can be im- 
portant in prolonging the life of the 
bead desiccant. In general, counter. 
current regeneration is preferred; 
however, the use of a buffer desiccant 
is recommended to reduce breakage 
to a negligible level. Florite has been 
used successfully as a buffer in some 
installations; however, Sovabead W 
is preferred because of its higher ad- 
sorption capacity (46 weight per cent 
at saturation), 

Finally, the laboratory data under- 
line the fact that in those cases where 
the influent gas is not saturated, lower 
adsorption capacity must be expected 
with any desiccant. In order for plants, 
operating under these conditions, to 
maintain plant capacity, considera- 
tion should be given to cooling the gas 
before drying so as to approcah satu- 
ration conditions where the desiccant 
will operate to maximum capacity. 
This procedure may well eliminate the 
necessity for additional units. 


Conclusion 


Significant differences in the per- 
formance of common adsorbent mate- 
rials can be determined through the 
carefully controlled operation of a 
commercial drying unit. The accom- 
paniment of this work by pilot plant 
tests permits more careful scrutiny of 
the performance of a desiccant under 
variable conditions of velocity, humid- 
ity, and regeneration. The data so de- 
rived combined with operating data 
from other commercial units can be 
used by designers of equipment and 
operators of natural gas plants in 
building more efficient units to obtain 
maximum plant capacity at minimum 
cost. 
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Cathodic Protection 


on Texas Gas System’ 


Details of steps taken to protect from corre 


sion the 840-mile line from Texas to Ohio. 


ROBERT J. KUHN? 


Kentucky Natural 


“Division No. 3 (of Texas Gas 
Transmission Corporation) formerly 
the properties of Kentucky Natural 
Gas Corporation began operation in 
1929.1 The system now consists of 
approximately 858 miles of pipe lines 
in western Kentucky, southwestern 
Indiana, and southeastern Illinois. 

“The main pipe line of Division No. 
3 (of Texas Gas Transmission Corpo- 
ration) extends from a point approxi- 
mately 25 miles norih of Terre Haute, 
Indiana, in a southerly direction to a 
point near Evansville, Indiana, a dis- 
tance of 129 miles. There it is reduced 
to a 10-in. line, which passes south 
and east into the western part of Ken- 
tucky and through that region to Port- 
land, Tennessee. It interconnects with 
the pipe lines of Panhandle Eastern 
Pipe Line Company at two points, one 
north and one east of Terre Haute, 
with the pipe lines of Tennessee Gas 
Transmission Company at three 
points, Portland, Tennessee, and 
Scottsville and Glasgow, Kentucky, 
and with the pipe line of Texas East- 
ern Transmission Corporation near 
Princeton, Indiana. 

“The daily delivery capacity of 
Division No. 3 aggregates approxi- 
mately 85,000,000 cu ft.” 


The corrosion and protection activ- 
ities on Kentucky Natural Gas Corpo- 
ration system are not known in detail 
to the author but it is my understand- 
ing some studies and protective work 
had been done. 


Generally speaking, the Kentucky 
Natural Gas System is in a fresh water 
country generally considered not so 
corrosive as the salty areas along the 
seaboards or as in the arid west. How- 
ever, due to the presence of coal mines, 
seams and washes and other contami- 
nations, there are undoubtedly corro- 
sive conditions in the area served as 
well as in more recognized corrosive 
sections of the country. 


*Presented before American Gas Association, 
Detroit, Michigan, April 3-5, 1950. 

*Consniting engineer, New Or'eens, Louisiana. 

* "Taken from 1948 Annual Report of Texas 
Ga: Transmission Corporation. 


Memphis Natural 


“The Memphis Natural Gas Com- 
pany system was started in 1928 with 
the construction of an 18-in. pipe line 
from the then practically untapped 
Monroe gas field in northern Louisi- 
ana to the city of Memphis, Tennes- 
see.” The line was originally powered 
with compressor stations located at 
Monroe, Louisiana, and Benoit, Mis- 
sissippi, and had a capacity of 60,- 
000,000 cu ft per day. Sales during 
the first year of operations totaled 
6,300,000,000 cu ft. 

“To meet the continual growing de- 
mand for natural gas during the next 
20-year period, new transmission lines 
and compression were added. In 1945 
the company’s lines were extended to 
the Lisbon gas field in northern Lou- 
isiana to supplement the original sup- 
ply from the Monroe gas field. 

“This system—Divisions No. 1 and 
2 of the company—presently consists 
of 643 miles of pipe lines including 
two 18-in. lines which originate in the 
Monroe gas field, cross the Mississippi 
River at Greenville, Mississippi, and 
extend to Memphis, Tennessee, a dis- 
tance of 211 miles. A single 10-in. line 
extends from Memphis 118 miles north 
to Jackson, Tennessee. In addition 
there is a 20-in. line 50 miles in length 
connecting the Lisbon gas field with 
the company’s 18-in. lines in the Mon- 
roe gas field. The daily delivery capac- 
ity totals 209,000,000 cu ft.” 

In 1934, or six years after the con- 
struction of the 18-in. pipe line from 
the Monroe, Louisiana, gas field to 
Memphis, Tennessee, innumerable cor- 
rosion leaks occurred on the 18-in. line 
and the author. was called in as con- 
sultant to handle the situation. 

Cathodic protection was applied to 
less than a mile of very badly corroded 
18-in. line in a low swampy section 
near Tunica, Mississippi, on October 
23, 1934, and to date after 16 years 
and 5 months not a single, further 
corrosion leak has developed on this 

Dresser-coupled section despite the 
fact line pressures were increased 
from approximately 400 psi to ap- 
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proximately 500 psi, depending upon 
the season and loads. 

The success of cathodic protection 
in preventing corrosion leaks and loss 
of gas and perhaps service on the small 
trial section led to the further applica- 
tion of cathodic protection to the pipe 


‘line facilities of old Memphis Natural 


Gas Company, now the Texas Gas 
Transmission Corporation, until at 
the end of 1949 there were approxi- . 
mately 525 miles of pipe line cathodi- 
cally protected under the engineering 
guidance of the author out of a system 
total of 643 miles. It may be of interest 
to the reader to look over ihe corrosion 
leak record on the two 211-mile, 18-in. 
lines from the Monroe field to Mem- 
phis, Tennessee shown below: 

Older 18-in. line constructed in 1928 

1934 Numerous leaks. Cathodic 
protection installed on. trial 
section. 

1935 Numerous leaks. Required 
25 miles of reconditioning 
that had to be subsequently 
cathodically protected. 

1936 6 leaks 1943 3 leaks 

1937 20 leaks 1944. 8 leaks 

1938 5 leaks 1945 11 leaks 

1939 7 leaks 1946 2 leaks 

1940 15 leaks 1947 3 leaks 

1941 14 leaks 1948 2 leaks 

1942 12 leaks 1949 0 leaks 

211 mi‘es of loop line, Monroe gas 
field to Memphis, Tennessee, begun 
1940, completed 1946: 

Not a single corrosion leak to date. 
March, 1950. 

This record of not a single corrosion 
leak in 10 years on the 1/,-in. wall loop 
pipe line in contrast to numerous leaks 
on the %-in. wall original line in 6 
years, is thought significant of the pro- 
tection afforded by the cathodic pro- 
tection process. Both lines were laid 
parallel in the same soils within 8 to 
10 ft of each other. 


Formation of Texas Gas 


On April 1, 1948, Kentucky Natural 
Gas Corporation and Memphis Nat- 
ural Gas Company were merged into 
one company, i.e., Texas Gas Trans- 
mission Corporation with headquar- 
ters in Owensboro, Kentucky. J. H. 
Hillman, Jr., was the first president 
of the new corporation with W. T. 
Stevenson, executive vice president, 
L. E. Ingham, vice president, and H. 
L. Mann, vice president. 

On March 30, 1949, the Federal 
Power Commission authorized the new 
company to construct a new 840-mile, 
26-in. gas pipe line from the Carthage 
gas field, Texas, to Middletown, Ohio, 
with numerous compressor stations 
along the route. 

The new line was estimated to cost 
approximately $73,000,000 and was 
cezigned to initially deliver 304,000,- 
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000 cu ft of gas per day with an ulti- 
mate capacity of 400,000,000 cu ft a 
day. Ten compressor stations were 
planned, six of which were to be con- 
structed during 1949, 


Upon completion of the new line, 


the new combined system including 
the new line would consist of 2400 
miles of pipe line with a total capacity 
of 650,000,000 cu ft of gas a day. 

The new 26-in. line was to deliver 
120,000,000 cu ft of gas a day to the 
old Memphis Natural and Kentucky 
Natural divisions of the new company 
serving several cities and towns in 
northwestern Mississippi, Memphis, 
Jackson, and other places in western 
Tennessee; Owensboro, Bowling 
Green, Franklin, Madisonville, and 
other places in Kentucky; Evansville, 
Terre Haute, Bloomington, Columbus, 
and other places in Indiana. 

The line was to ultimately deliver 
up to 235,000,000 cu ft of gas a day 
to Texas Eastern Transmission Cor- 
poration at the northern terminus of 
the line at Lebanon, Ohio, ‘which gas 
was in turn to be delivered to the East 
Ohio Gas Company, The Manufac- 
turers Heat and Light Gompany, and 


the Ohio Fuel Company. * 


The line was to traverse the red 
hills of Texas and North Louisiana, 
together with many rivers and bayous, 
some swift like the Red and Ouachita 
rivers and some sluggish like Bayou 
Viacon and others. These were numer- 
out flat swampy areas like in south- 
east Arkansas and the Mississippi 
Delta region between Greenville, Mis- 
sissippi, and Memphis, Tennessee. 
Several large rivers like the Mississip- 
pi, the Tennessee, the Cumberland, 
the Green, and the Ohio, the wind de- 
posited and badly eroded Loess bluff 
region near Memphis, the coal mine 
and coal blossom areas of, Kentuck: 
countryside around Louisville, anc 
the farming and industrial country ir 
Indiana and Ohio. 


The line was planned to be welded 
from end to end but permission had 
been obtained to install insulated 
flanges at both the southern and north- 
ern ends of the line and in all laterals 
and in connections to the several com- 
pressing stations. Since the line was 
being designed for 850 psi operating 
pressure, the design of the insulating 
flanges. where designated, had to take 
into consideration this high pressure. 

With a single high. pressure gas 
pipe line of such huge diameter as 
26 in., and with enormous loads de- 
pending for transmission on a sound 
pipe line, the matter of corrosion nat- 
urally arose. The corrosion question 
was made more pressing by the fact 
that the wall thickness of the pipe to 
be used was »5-in.. relatively thin wall 
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pipe in contrast to the 34-in. wall pipe 
used on the old 18-in. Memphis Nat- 
ural main line, which carried a maxi- 
mum pressure of 550 psi. 

The working stresses per square 
inch on this pipe line, therefore, will 
be much greater than on older lines 
and it is a fairly well known fact that 
highly stressed metal has a greater 


corrosion rate than unstressed or ° 


lightly stressed metal. 

The fact that this huge pipe line 
was to be continuously welded and 
was to pass through all kinds of soil 
formations indicated that the galvanic 
long line electric current effects would 
be most pronounced, especially be- 
tween high, well drained, sandy and 
rock areas to low, badly drained or 
wet streams and flats caused mainly 
by the differential aeration of these 
environments. 

Add to these factors the enormous 
differential aeration effect between the 
top and bottom of the pipe at a specific 
location. With 3 ft of cover. on the 
pipe, the bottom of the pipe is more 
than 5 ft deep and from a knowledge 
of the rotting of fence posts it can be 
easily seen that considerable differ- 
ences in aeration occur at 3-ft and 
5-ft depth, especially in the dry months 
of the summer and fall. This differ- 
ential aeration would set up highly 
active galvanic cells whose action 
would add to the long line galvanic 
corrosion effects as well as to local 
chemical effects of the soil. 

In addition to the natural corrosive 
conditions to be encountered the man- 
made corrosive conditions generally 
called “electrolysis” and caused by 
stray currents from street railway or 
trolley buses from manufacturing 
plants, from other cathodically pro- 
tected pipe lines or other sources had 
to be considered. 

The decision reached was to clean. 
prime, hot coat with a coal tar bare 
pipe line enamel, wrap with a single 
layer of fiberglas and apply cathodic 
protection to the entire pipe line from 
Texas to Ohio. Some special precau- 
tions against specific situations were 
to be handled according to details to 
he described later. 


‘Pilot’ Section 


During the summer of 1948, as a 
matter of emergency for gas storage 
purposes, 63 miles of 26-in. line were 
constructed from Lula, Mississippi, 
compressing station, situated in the 
low flat alluvial and formerly swampy 
area of the Mississippi River flood 
plain generally known as the “Delta”. 
to just east of the city of Memphis. 
Tennessee, situated in the high, hilly 
loesssoil bluff country. 

The line was planned by many of 
the company personnel in collabora- 
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tion with Stone and Webster Company 
who handled the engineering and in- 
spection and with the author who han. 
dled the corrosion and cathodic pro. 


tection design. 


The job was let in two sectioiis, 
Spread No. 1 or 33 miles from Luia, 
Mississippi, compressing station to 
Banks, Mississippi, all in the low {iat 
delta country, was awarded to ihe 
N. A. Saigh Company and the re. 
mainder known as Spread No. 2 or 30 
miles from Banks, Mississippi, to 
Memphis, Tennessee, comprising 4 
miles of delta country and 26 miles 
of hill country was awarded to ihe 
J. R. Horrigan Construction Com- 
pany. Construction on both spreads 
began on the south ends of the re- 
spective spreads. 

‘The pipe used was of 26-in. diam 
of »%-in. wall and was formed from 
flat - plate and longitudinally seam 
welded at the A. O. Smith plant. The 
pipe was not covered with any kind of 
mill primer or lacquer. 


After welding in the field, the pipe 
was mechanically cleaned with a irav- 
eling W-K-M machine, immediately 
followed by priming with Pittsburgh 
Coke and Chemical Company coal tar 
base pipe line primer paint. 

After the primer had dried, a trav- 
eling mechanical coating and wrap- 
ping machine applied a single coating 
of Pittsburgh Coke and Chemical Com- 
pany coal tar base pipe line enamel 
followed immediately by a single 
wrapping of Fiberglas. 

The enamel for the wrapping ma- 
chines was preheated in 500-gal me- 
chanically agitated tar pots. 


The coating and wrapping were not 
tested with an electrical holiday de- 
tector but upon the writer’s recom- 
mendation were given good “eye” in- 
spection, especially before backfilling. 
No stress was laid on “holidays” but 
great emphasis was placed on patching 
large areas of coating and wrapping 
that may have been omitted by the 
machine or may have been damaged 
in handling or lowering. 


As the line progressed, coating re- 
sistance tests on several isolated sec- 
tions of both spreads Nos. 1 and 2 
were made to gain some idea of the 
quality of the finished coating and 
wrapping job performed by the two 
contractors. 

These preliminary tests® indicated 
that the coating and wrapping resist- 
ances on both spreads were running 
around 900,000 ohms per sq ft in the 
low lying and low. resistance delta 





8See “Report on Inspections and Tests Rela- 
tive to Coating and Wrappings and Cathodic 
Protection on the New 26-Inch High Pressure 
Gas Pipe Line between Lula, Mississippi 2nd 
Memphis, Tennessee,” by Robert J. Kuhn, Oc- 
tober 14-15-16, 1948. Published by Pittsbureh 
Coke and Chemical Company. 
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From Texas to Pennsylvania, Aerotec Gas Scrubbers, stationed along the BIG INCH, 
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Above is the Aerotec installation at Waynesburg, Pa. Installed for Texas Eastern 
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soils, values considered as excellent. 


Indications were then, that if the 
entire 63 miles were coated and 
wrapped as well as the first several 
large test sections, the electrical cur- 
rent requirements for the line would 
amount to the amazingly low value of 
(.000000444 amp per sq ft of surfaee 
or to a total of approximately only 1.0 
amp, since there were approximately 
2,230,000 sq ft of surface on the 63 
miles of 26-in. line. 


[t may be well at this point to men- 
tion some details of construction on 
the line. All casings, vents, risers, and 
valves were cleaned, primed, and hot 
coated with the same materials as used 
on the pipes. The carrier pipes were 
kept insulated from the casing pipes 
by means of several layers of asbestos 
pipe line felt wrapped around the car- 
rier pipe at spacings of 10 ft. The ends 
of all casings were sealed with Port- 
land cement-sand grout. 


River weights were of concrete 
rather than of metal and care was 
taken to reinforce the coating and 
wrapping under the heavy concrete 
clamps by means of an extra layer or 
two of pipe line felt. 


Where the line crossed other lines 
or structures, which were very few, 
care was taken to provide maximum 
practical separation and to insure that 
the coating and wrapping were in 
sood shape. 

Cathodic protection was provided 
by means of a small battery booster 
rectifier itself costing about $10 and 
served by 120-volt single phase ac 
from a rural electrification line at the 
very line of demarcation between 
Spread No. 1 and Spread No. 2 at 
Banks, Mississippi. The rectifier was 
connected to the south end of Spread 
No. 2 and Spread No. 1 automatically 
received cathodic protection when the 
tie-in was made at rectifier location. 


The current generated by the rec- 
lifier was so small that the ground 
plate for the rectifier was set on the 
right-of-way. 


\lthough the total amount of cur- 
rent indicated as needed for the 63- 
mile section was only 1.0 amp, the 
actual requirements were greater due 
to a mishap in installing at least a 
10-ft length of 26-in. pipe without 
coating and wrapping during a tie-in 
in bad weather, in a low swampy low 
resistance location on Spread No. 1. 


During the rush to get the line in 
operation by Christmas, 1948, this un- 
coated length of pipe was installed 
and record was lost of its location. The 
location of this bare pipe in the nearly 
perfectly coated and wrapped section 
of pipe line was later determined dur- 
ing the cathodic protection test work. 
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In order to measure the small ca- 
thodic protection currents on the 26- 
in. line drained by the Banks rectifier, 
a separate No. 8 test wire was pro- 
vided at the rectifier connection and 
one placed 500 ft south and 500 ft 
north and the two latter brought and 
stapled to stub jobs set in the fields. 

On January 24, 1949, the Banks 
rectifier was generating 2.57 amp at 
5.6 volts of which 0.27 amp was being 
drained from the 30-mile north or 
Memphis end while 2.30 amp was be- 
ing drained from the 33-mile south or 
Lula end. This great difference in cur- 
rent distribution was due mainly to 
the 40-ft length of 26-in. bare pipe in- 
advertently installed in the line south 
of the rectifier on Spread No. 1. 

Potential tests indicated that the 
north end was receiving substantial 
protection except during some periods 
when the north end was greatly influ- 
enced by fluctuating stray currents out 
of the Memphis area by the very small 
cathodic current of 0.27 amp. 

The south end with nine times the 
current, or 2.30 amp was not receiving 
full protection, in fact, this current 
collected mainly on the 40-ft bare sec- 
tion 2.5 miles south of the rectifier 
and beyond the bare section to the 


~ end at Lula, the line received only par- 


tial protection. 


Due to these two complications, it 
was necessary to install another small 
rectifier at Lula compressing station 
and later another small rectifier station 
on Spread No. 6, just north of the 
Memphis end of Spread No. 2, in order 
to cope effectively with the stray cur- 
rents in the Memphis area. 


The exact distribution of current 
generated by the two additional rec- 
tifiers has not been determined, but 
since the total current is extremely 
small, the two components of the cur- 
rents at the Lula and at the Memphis 
rectifiers must necessarily be small. 


It might be added that the Lula rec- 
tifier added to the south end of Spread 
No. 1 is used presently to protect the 
north end of Spread No. 5 constructed 
in 1949 and the rectifier at Memphis 
known as the Germantown rectifier is 
also used to protect the south end of 
Spread No. 6 in addition to the pro- 
tection afforded spreads Nos. 1 and 2, 
respectively. 

Due to the great. distances affected 
by the cathodic protection units, it is 
not necessary to install many test sta- 
tions or test wires. The valves and 
blow-downs are spaced approximately 
every 10 miles and serve admirably as 
test stations. 

Some additional test wires have 
been installed especially on the Mem- 
phis end of Spread No. 2 where the 
stray currents have been found. At all 


rectifiers, it is customary to install a 
test wire 500 ft each side of rectifier 
connection and rectifier test wire. 

The 63-mile section known as 
spreads Nos. 1 and 2 were insulated by 
means of flanges from Lula compres- 
sing station and from a new Memphis 
measuring station. When the line was 
extended in 1949, spreads Nos. 1 and 
2 were welded in solid to the adjoining 
spreads Nos. 5 and 6, respectively. 

Although complete cathodic protec- 
tion is assumed by many corrosion en- 
gineers to be obtained when a pipe 
line is lowered in potential to — 0.850 
volt to a copper sulfate electrode, on 
the extremely well coated pipe lines 
under discussion, a potential of 
minus 1,000 volt to a copper sulfate 
electrode is usually striven for and 
also usually obtained even at remote 
points on the pipe line many miles 
from a rectifier. 


Carthage to Middletown 

To better visualize the pipe line in 
question, the reader is referred to the 
map accompanying this paper. 

Spreads No. 1 and No. 2, between 
Lula, Mississippi, compressing station 
and Memphis, Tennessee, serve as a 
link in the 840-mile general line. 
Spread No. 1, between Carthage, 
Texas, and Sharon, Louisiana, com- 
pressing station was changed to 20-in. 
line. 

Other deviations from strictly a 26- 
in. continuous line are the several 
river crossings where multiple cross- 
ings were installed. The number of 
pipes at each crossing and the contrac- 
tor involved are shown on the map. 

As can be seen from the map, the 
program for construction of the new 
pipe line was divided into ten spreads 
divided among several contractors. 
Spreads Nos, 1 and 2 were completed 
in 1948. Spread No. 3 between Car- 
thage, Texas, and Sharon, Louisiana 
compressing station was delayed and 
several of the river crossings such as 
the Mississippi, the Tennessee, the 
Cumberland, the Green, and the Ohio 
were given out as separate jobs. 

Seven of the spreads, Nos. 5 to 10 
inclusive, each approximating 100 
miles of 26-in. pipe were to be started 
at approximately the same time. Each 
spread in itself was a sizable pipe line 
job yet here in one organization eight 
such spreads to be moving simultane- 
ously plus the several river crossing 
jobs and several large compressing 
stations. The work got underway on 
or about June 1, 1949. 

It had been my plan to make early 
coating resistance tests on the first 
sections of each spread so that some 
idea could be gained of the quality of 
work performed by each contractor. 

Fortunately the 63-mile “Pilot” sec- 
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tion completed in 1948 had allowed 
many in the company to obtain first- 
hand knowledge of the construction 
of such a huge pipe line and this prior 
information on what and what not 
could be obtained in the way of good 
coatings and wrappings paved the way 
for obtaining similar results on the 
eight spreads constructed during 1949. 
Not too much instruction was neces- 
sary and all that was required was to 
keep up the good work. 

During the middle of June, 1949, I 
visited spreads Nos. 6, 7, 8 and 9 from 
Memphis, Tennessee, to near Louis- 
ville, Kentucky, and made coating re- 
sistance tests on several sections of 
the above spreads, the result of which 
are given below: 

Spread No. 6. Memphis, Tennessee, 
to Fulton, Kentucky: 

1.5-mile section, U. S. Highway No. 
72 to Wolf River. Hill soil. 934,500 
ohms per sq ft. 

8.0-mile section, Wolf River to 
Hatchie River. Hills and bottoms. 
420,000 ohms per sq ft. 

Spread No. 7. Fulton, Kentucky to 
Slaughters, Kentucky: 

33-mile section, Fulton to near Ten- 
uessee River. Hills and bottoms. 1,- 
253,000 ohms per sq ft. 

Spread No. 8, Slaughters, Ken- 
tucky, to Brandenburg, Kentucky, and 

Spread No. 9, Brandenburg, Ken- 
tucky, to the Ohio River: 

18-mile section, part of Spread No. 
8 and part of Spread No. 9, 29,000,- 
000 ohms per sq ft. This section 
through rugged rocky country. 

From the above, initial coating re- 
sistance tests on four of the eight 
spreads under construction the results 
were especially favorable and pros- 
pects of cathodically protecing the 
huge pipe line with small amounts of 
electric current were promising. 

On July 19, 1949, and thereabouts, 
Spread No. 5 extending from the Mis- 
sissippi River at Greenville, Missis- 
sippi, to the Lula, Mississsippi com- 
pressing station was visited and a sec- 
tion approximately 35 miles in length 
from the Mississippi River to the 
Bogue Phalia was given complete ca- 
thodic protection by simply cross 
bonding to the 8-in. Greenwood, Mis- 
sissippi, gas pipe line owned by the 
company and which was cathodically 
protected by means of a nearby rec- 
tifier. Current drained from the 35 
miles of 26-in. line by the 8-in. line 
was originally 4.4 amp but after a few 
minutes this current had reduced it- 
self to 3.2 amp due to polarizing effects 
of the current on the new line in ih 
low, wet, and low resistance gumbo 
soils of this Mississivpi Delta can='* 

Before cross bonding, the 8-in. line 
had a potential of minus 1.080 volt to 
a copper sulfate electrode and the 2.- 
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in. line minus 0.700 volt. After cross 
bonding, the 8-in, measured minus 
0.940 volt and the 26-in. minus 0.925 
volt. Next day on the south side of 
the Bogue Phalia, or approximately 
25 miles north of the cross bond, the 
26-in. line measured minus 1.010 volt 
to a copper sulfate electrode, indicat- 
ing still further polarizing of the 
newly protected 35-mile section over- 
night, since the day before at the cross 
bond potential was minus 0.925 volt. 

Although a current test was not 
conducted next day on the cross bond, 
there is reason to believe that had 
such a measurement been made, the 
current would have been found to have 
been less than the minimum 3.2 amp 
found the day before, due to further 
polarization. 

During the latter part of September 
and the first part of October, 1949, 
the writer again visited the northern 
spreads of the new 26-in. line. At the 
time of this visit 85 miles of line on 
spreads No. 8 and No. 9 were con- 
tinuously welded into a solid section 
extending from U. S. Highway No. 71 
south of Owensboro, Kentucky, to a 
point near the Shepherdsville Road 
southeast of Louisville, Kentucky. 

Some fluctuating d-c potentials due 
to stray currents were observed on 
this section of pipe line so it was de- 
cided to install a rectifier on the sec- 
tion at once. 

Accordingly on October 8, 1949, a 
temporary ground bed and rectifier 
station supplied by 120 volts single 
phase a-c was installed on the 26-in. 
north of Hardinburg, Kentucky. 

The ground bed consisted of 6 pieces 
of 3-in, by 7-ft old steel pipes set ver- 
tically in the ground 27 ft north and 
parallel to the pipe line and spaced 
with 10 ft centers, The top of the pipes 
were allowed to protrude 1 ft above 
ground level where the wire connec- 
tions were made. 


The location is very hilly, with red 
top soil and limestone base. Postholes 
were dug for the ground bed pipes 
and blasting was necessary in the post- 
holes to obtain proper depth. 

The rectifier installation produced 
a current of 1.2 amp at 22.5 volts in- 
dicating a resistance of 18.75 ohms, 
most of which was in the ground plate. 

This small current of 1.2 amp on 
85 miles of coated and wrapped 26-in. 
pipe line produced a potential on the 
line of minus 1.580 to a copper sulfate 
in fairly but not sufficiently remote 
soil to be beyond the immediate ef- 
fects of the ground plate. 

Check tests made on the Owensboro 
end of this 85-mile section, or 33 miles 
south, indicated the small cathodic 
protection current of 1.2 amp applied 
at Hardinsburg was lowering the po- 
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tential near Owensboro to between 
minus 1.075 and minus 1.175 volt, ihe 
variations due to stray current effects. 
At Otter Creek State Park, Ken- 
tucky, southwest of Louisville and 27 
miles northeast of Hardinsburg on the 
pipe line, potential was minus 1.000 
volt to a copper sulfate electrode. 
Even at the far northend at the 


‘Shepherdsville Road, southeast of 


Louisville, 52 miles from the Hardins- 
burg rectifier, later tests indicated 
that substantial protection was being 
afforded the line by the single small 
station but that stray currents, pre- 
sumably originating in the Louisville 
area, were causing wild fluctuations 
that at times adversely affected the 
potentials of the 26-in. to the earth. 
Since construction was proceeding 
on Spread No, 8 working southward 
and on Spread No. 9 working north- 
ward, the 85-mile section of these two 


spreads was gradually being en- 


larged. The small cathodic protection 
current of 1.2 amp applied to the 26- 
in. line at Hardinsburg was sufficient 
to take care of natural corrosion con- 
ditions on the 85-mile section but not 
sufficient to overcome the positive 
stray current swings. Adding miles of 
line plus some initial ageing of the 
coating and wrapping naturally taxed 
the 1.2 amp. 


In order to augment the protection 
against these factors, a second small 
rectifier station was installed on the 
26-in. line south of Owensboro on Oc- 
tober 31, 1949. This new rectifier sta- 
tion was somewhat similar to the one 
at Hardinsburg in that the several 
pieces of junk steel ground bed were 
buried on the right-of-way parallel io 
the pipe line. The small rectifier set 
in a woden box on a pole, also on the 
right-of-way, was also served by a 
120-volt, 2-wire, single-phase, power 
circuit. 

This rectifier station drained 1.75 
amp from the pipé line reducing the 
potential of the line at U. S. Highway 
No. 71, a mile or so away, down to 
a potential of minus 1.450 volt aver- 
age to a copper sulphate electrode. It 
will be noticed that this rectifier cir- 
cuit had a resistance of 5.56 ohms in 
contrast to 18.75 ohms at the Hardins- 
burg rectifier. This difference was 
due to the difference in soils at the two 
locations, the immediate ground plate 
having been buried in a low flat and 
badly drained location in contrast to 
the high, rocky and well drained site 
at Hardinsburg. 

Since the above rectifier installa- 
tion was made, spreads Nos. 8 and 9 
have been completed and tied into 
adjacent spreads Nos. 7 and 10 and 
gas connections have been made to the 
Slaughters, Kentucky, and Jefferson- 
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town, Kentucky, compressing statio:is, 
A very limited number of lateral as 
connections have also been made. ll 
such laterals are slated to be insulated 
from the main line by means of spe. 
cial insulated flanges and this insula- 
tion work is now generally in the 
process of installation. 

During extremely bad weather in 
the fall months of 1949, the contrac. 
tor working north of Louisville to. 
ward the Ohio River on Spread No, 9 
requested that the coating and wrap. 
ping be eliminated on approximately 
13 miles of the line in the rugged 
country north of LaGrange, Ken. 
tucky. This was finally and reluctantly 
allowed and in order to cope with the 
situation, a 26-in. insulated flange was 
installed in the line at both ends of 
this bare section. These two insulated 
flanges are the only joints other than 
welded in the entire line except for 
insula:ing flanges at Carthage, Texas, 
the southern end, at Lebanon, Ohio, 
the northern end, and all side con. 
nections. 

The southernmost of these two in- 
sulated flanges becomes then the 
northernmost end of the cathodic pro- 
tection on that portion of Spread No. 
9, heretofore discussed. 


Between the northernmost insulated 
joint on the bare section there are ap- 
proximately 8 miles of coated and 
wrapped 26-in. line up to the header 
on the south side of the Ohio River, 
where Spread No. 9 ends. 


This 8 miles of line connects to the 
four 16-in. at the Ohio River cross- 
ing and to the 26-in. line through 
southeast Indiana and southwest Ohio 
to the Texas Eastern plant at Lebanon, 
Ohio, known as Spread No. 10. 


Plans have not been worked out for 
the protection of the 13-mile bare sec- 
tion, This bare section will be tested 
for electrical current requirements 
and will afford an excellent opportu- 
nity to make comparisons between 
bare and coated and wrapped lines. 

The 8-mile section of Spread No. 9, 
the four 16-in. at the Ohio River cross- 
ing, and the southern part of Spread 
No. 10 began receiving cathodic pro- 
tection on December 19, 1949, when 
a small rectifier station was installed 
on the south side of the Ohio River. 
This station was generating approxi- 
mately 1.0 amp at 24.0 volts d-c. 
and while this current does not fully 
protect all of Spread No. 10, it 3s 
effectively protecting the valuable 
four 16-in. lines at the Ohio River 
crossing and all the 8 miles of Spread 
No. 9 as far south as the insulated 
flange separating the coated and 
wrapped :pipe from the bare pipe. 

This section, especially the north- 
ern end in Ohio, is slated for early 
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additional study and protective action. 

Tests were made on a portion of 
Spread No. 10 in southeast Indiana 
and north of the Ohio River and also 
on the four 16-in. lines of the Ohio 
River crossing prior to the actual in- 
stallation of the rectifier on the south 
bank. 

On October 4, 1949, a test was con- 
ducted on the 26-in. line near Bear 
Branch, Indiana, the section under 
test extending 22 miles north of the 
Ohio River in southeastern Indiana 
and including also the four 16-in. 
Ohio River lines, each measuring ap- 
proximately a mile long. The 26-in. 
line had not been constructed at that 
date on the south of the Ohio River. 

This test made near the north end 
of the section indicated that 0.9 amp 
changed the potential of the line from 
minus 0.700 to minus 1.000 volt to a 
copper sulphate electrode but it was 
suspected that a considerable portion 
of the small current of 0.9 amp was 
originating on Ohio River crossing. 

Accordingly, a test was made near 
the north side header at the Ohio 
River crossing on October 6, 1949, 
and it required 3.1 amp to lower the 
line from minus 0.700 to minus 1.025 
volt to a cooper sulphate electrode, 
which indicated heavier grounding 
of the line at the river as had been 


expected. 


Further testing indicated that three- 
fourths of the current drained during 
the present test was originating from 
the four 16-in. river lines and only 
one-fourth from the 22 miles of 26-in. 


Later it was found that the valves 
on the river lines had not been hot 
coated up to the time of the test. These 
were subsequently hot coated, result- 
ing in lower current requirements for 
the four river lines and the line in 
general in this vicinity as reflected by 
the obtaining of excellent protection 
with 1.0 amp supplied by the small 
rectifier later installed on the soutn 
side of the Ohio River. 

Let us now work our way south- 
ward on this huge pipe line. 

A rectifier is needed and will be in- 
stalled shortly in the general vicinity 
of the Tennessee and Cumberland 
River crossings not far from Paducah, 
Kentucky. Early preliminary tests 
plus some made later, including the 
Tennessee River crossing but not the 
Cumberland River crossing, indi- 
cated high resistance coatings and no 
difficulties are expected in providing 
complete cathodic protection for the 
line and river crossings in question. 

Farther south on Spread No, 6 in 
West Tennessee, halfway between the 
Mississippi and the Kentucky borders, 
the 26-in. line crosses the 8-in. West 
Tennessee gas pipe line owned by the 


company. This 8-in. line was already 
cathodically protected by two small 
rectifiers so a cross bond was pro. 
vided between the 26-in. and the 8-in. 
lines just east of Ripley, Tennessee, 
on November 25, 1949. 

I have not personally checked this 
bond nor the line in the vicinity in de- 
tail but reports supplied me indicated 
the 26-in. line was receiving subs:an- 
tial cathodic protection for many 
miles on both sides the bond with lit- 
tle slackening of protection on the 8. 
in. 
Again farther south on Spread No, 
6 in West Tennessee, we come to the 
Germantown rectifier. This rectifier 
was installed on July 26, 1949, just 
about a mile north of the start of 
Spread No. 6 or a mile north of the 
north end of Spread No. 2, which 
was constructed in 1948. The initial 
values of current and voltage gener- 
ated by this rectifier on the above date 
were 1.3 amp at 5.9 volts de. 

This rectifier helps protect the 
north end of the 1948 Spread No. | 
from both soil corrosion and the stray 
currents encountered in the Memphis, 
Tennessee, area and also protects 
Spread No. 6 in some bad bottom 
lands of the Wolf, the Hatchie, and 
other rivers northeast of Memphis. 

The next stop is at Lula, Missis- 

sippi, compressing station on the 
souch end of older Spread No. 1 con- 
structed in 1948. A rectifier was in- 
stalled at Lula to augment the protec- 
tion on Spread No. 1 needed on ac- 
count of the bare length of pipe on 
Spread No. 1. 
. When Spread No. 5 from the Mis- 
sissippi River to Lula was tied-in at 
Lula to Spread No. 1, the north end 
of Spread No. 5 automatically re- 
ceived cathodic protection from the 
existing rectifier. Here again some 
check measurements and refinements 
are planned for the near future but 
fragmentary tests here and there on 
the line in the vicinity indicate excel- 
lent protection is being obtained. 

On Spread No. 5 just west of Cleve- 
land, Mississippi, the 26-in. line un- 
dercrosses the two older 18-in. main 
lines of the company, formerly the 
main lines of Memphis Natural Gas 
Company. Both these latter lines are 
cathodically protected and wiring fa- 
cilities have been provided at the 
crossing to cross bond all three lines 
if occasion arises. A rectifier station 
is planned for this location but some 
obstcales in obtaining right-of-way 
have been encountered and the matter 
is still pending. 

On the south end of Spread No. 5 
between the Mississippi River and the 
bond installed:to the 8-in. Greenwood 
line, previously mentioned, the new 
26-in. line is provided with a bond 
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wire to a rectifier now serving the iwo 
older 18-in, lines of old Memphis Nat- 
ural Gas Company but to date this 
bond wire has not been needed and is 
not connected. 

Situations in this stretch affecting 
the cathodic protection picture are 
the Texas Gas Transmission Corpora- 
tion’s new compressing station, which 
presently is not cathodically protected, 
the older and highly cathodically pro- 
tected compressing station of Tennes- 
see Gas Transmission Corporation, 
the crossing of the new 26-in. line 
and the cathodically protected 24, 26, 
and 30-in. lines of Tennessee Gas, the 
two nearby cathodically protected 18- 
lines of Texas Gas including a ground 
bed and rectifier station serving same, 
the crossing of the 26-in. line and the 
cathodically protected 8-in. Green- 
wood line, and the 10-in. line be- 
tween the new compressing station 
and the 8-in. Greenwood line, which 
parallels the new 26-in. line on which 
cathodic protection is to be applied. 
In addition, the 26-in. line ties into 
the four 16-in. Mississippi River lines 
for the 26-in. line and parallels at not 
too great distance eight other cathodi- 
cally protected Mississippi River 
crossings. 

From the above it can be seen that 
there are numerous underground me- 
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tallic pipe lines and grounded metallic 
plant structures in the vicinity, most 
of which are cathodically protected in- 
volving direct currents flowing 
through the earth as well as on the 
structures. Cathodic protection or 
other grounded direct currents can 
cause damage to underground metal- 
lic structures if not properly con- 
trolled so in an area like the one in 
discussion from the Mississippi River 
to the Greenwood 8-in. line, the rela- 
tionship of the various grounded elec- 
trical factors must be recognized, un- 
derstood, and properly controlled in 
order to avert damage to one structure 
or the other. 

Fortunately, close cooperation 
exists between the two large pipe line 
systems involved and the problems 
encountered in the past have always 
been worked out satisfactorily to 
everyone concerned. ; 

Let us now consider the four 16-in. 
lines crossing the Mississippi River. 
The Mississippi River at the crossing 
is approximately 2500 ft wide from 
edge to edge during low water and 
from header - to - header behind the 
levees the distance is approximately 
two miles. The Mississippi River at 
the crossing is probably as swift if 
not swifter than at any other location 
in its course. 

The plans and specifications called 
for cleaning, priming, and hot coating 
both the pipe and the river weights, 
the headers, valves, blow-down risers, 
and any metal touching the line. The 
lines were laid from barges with all- 
welded joints. 

Upon completion this enormous 
submarine crossing was tied into the 
26-in. line on both the Arkansas side 
and on the Mississippi side of the 
Great River and the coating job was 
so good that cathodic protection was 
automatically supplied by the cathodic 
protection on the land lines supplied 
on the Mississippi side by the bond io 
the 8-in. Greenwood line, which is 
approximately 10 miles from the 
east side header, and by a connection 
to the Red Leaf, Arkansas, rectifier, 
which cathodically protects the two 
older 18-in. lines and which is ap- 
proximately 2.5 miles from the west 
header. 

Reports reaching me after the tie- 
ins were made indicated the four 16- 
in. river lines were receiving full pro- 
tection from these two sources of 
cathodic protection current but to 
date no detailed tests have been con- 
ducted to determine just how much 
amperage is being consumed by these 
ines. 

The total must necessarily be small 
otherwise the two distant cathodic sta- 
tions would not have been able to 


shoulder the added load and at the 
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same time provide adequate cathodic 
potentials on the river crossings. 

Judging from. the results on other 
nearby river crossings, the curreni re. 
quirements probably run about an 
ampere or less for each of the four 16. 
in. lines, each of which is approxi. 
mately 2.5 miles in length. 

Proceeding now to the west or Ar- 
kansas side of the Mississippi, we 
come to Spread No. 4, which extends 
101.29 miles to the Sharon. Louisi- 
ana, compressing station. 

The 26-in. line crosses the 24, 26, 
and 30-in. lines of Tennessee Gas 
Transmission Corporation not far 
from the west bank header, but no in- 
terconnections were actually made 
here because interconnections between 
the two older 18-in. lines of Texas and 
Tennessee Gas exist close by. 

At the crossing of the new 26-in. 
and the two 18-in. lines, approximate. 
ly two miles from the river, cross 
bonds were provided between all three 
lines and several hundred feet west a 
connection was provided direct to the 
negative wire of the Red Leaf, Arkan- 
sas, rectifier, which cathodically pro- 
tected the two 18-in. lines and which 
also helped protect Tennessee lines. 


This rectifier connection then pro- 
vided cathodic protection for the 26- 
in. line, for the Mississippi River 
crossings, and for a_ considerable 
mileage on the 26-in. line towards 
Sharon compressing station, provid- 
ing protection to the 26-in. line 
through the low lying and corrosive 
swamp and cotton plantation country 
with its many bayou crossings. 

The protection afforded by Red 
Leaf Rectifier featheredges out as ihe 
line approaches Sharon and at Sharon 
the protection becomes zero, for the 
line was connected in solid to the com- 
pression station and up to latest re- 
ports had not been provided with 
the planned insulating flanges. Fortu- 
nately the soil conditions on the hilly 
Sharon end are not considered as 
severe as in the low lying swamp end 
near the Mississippi River. 

At Sharon, a small rectifier is al- 
ready installed and operating on an- 
other pipe line, and as soon as the 
insulating fiange is installed in the 26- 
in. line this line will be connected and 
the west end of Spread No. 4 will re- 
ceive protection. 


The last spread in question is No. 3. 
which extends from the far south end 
of the whole line at Carthage, Texas. 
to the Sharon, Louisiana, compress 
ing station. 

This section of the big line was re- 
duced to a 20-in. line and construc- 
tion on it did not begin as early as on 
the other spreads. This line runs 
through the red, hilly country of East 
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Texas and northwest Louisiana and 
involves a crossing at Red River, 
which often goes on a rampage. 

Spread No. 3 is to. be insulated 
from the incoming supply stations on 
the Carthage end and also at Sharon 
compressing station. Cathodic protec- 
tion will be provided at Sharon and 
probably at another point or two to 
be determined. 

Spread No. 3 crosses many impor- 
tant foreign pipe lines and these lines 
must be taken into consideration in 
the protective plan. 

Cathodic protection is not complete 
on the new 26-20-in, line of Texas Gas 
Transmission Corporation but prob- 
ably 75 per cent of the line is wholly 
protected inculding all the locations 
considered as possibly corrosive. By 
this summer, the line from end to end 
should be receiving full cathodic pro- 
tection with the exception of the 13 
miles of bare line in Kentucky, on 
which some economic solution shall 
have to be worked out. 


Miscellaneous 

There were several items of con- 
struction that may be of interest. One 
was the use of metal Grip-Tite anchors 
to fasten the line in some wet boggy 
locations. These anchors are con- 
structed of a galvanized steel plate. 
formed to fit the pipe, two long gal- 
vanized steel bolts, and a black iron 
or steel expanding anchor. 

In order that this bare metal did 
not touch the steel pipe, layers of as- 
bestos pipe line felt were used under 
the plate in some instances to prevent 
the plate and pipe forming a metal- 
to-metal contact. Cathodic protection, 
then, was not applied to these anchors. 
At other locations special insulated 
padding was used under these plates. 

These anchors are particularly val- 
uable during construction and for 
the first few years after the pipe has 
been backfilled when the backfill is 
soft and easily moved. I understand 
premanent life of these anchors is not 








an important factor and that they will 
serve their purpose long before com- 
plete deterioration is expected, if it 
ever occurs. 

In the rocky country of Kentucky 
where a lot of blasting had been done, 
special precautions were used so that 
the coating would not be badly dam- 
aged by the bottom of the trench and 
by the backfill. In some cases loam 
soil was used in the bottom of the 
trenches and in the backfilling care 
was taken to exclude the larger rocks. 
Special bituminous padding was also 
used on the top of the pipe in some in- 
stances to prevent damage by rocky 
backfill. 

The electrical generating equipment 
used so far on the 26-in. line has 
been rectifiers of various kinds,. sup- 
plied by 120-volt single phase a-c 
electric power mostly from rural 
power lines but in two instances from 
compressing station electrical circuits. 

One difficulty encountered is the 
high resistance soil found at otherwise 
favorable rectifier locations, Fortu- 
nately the currents required have been 
small, which lightens the task of ob- 
taining a good ground bed. In some 
instances it has been necessary to 
place two rectifiers in series in order 
to obtain a few amperes through the 
high resistance ground beds using the 
low voltage equipment on hand. It is 
hoped that eventually sufficient 
ground bed material may be buried at 
each site so that the very inexpensive 
and convenient size transformers can 
be used above at the various stations 
and not in a series combination. 

There were so many things done 
during construction affecting the 
cleaning, coating, and wrapping of 
the line and eventually affecting the 
corrosion situation and cathodic pro- 
tection that it is impossible to cover 
all that transpired in this paper. 

My work involved recommenda- 
tions during the planning stage plus 
some field inspections and surveys 
during construction plus follow-up 
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work after the major job of construc- 
tion was completed. ‘Those within the 
company organization who were en- 
trusted with the construction did such 
a splendid job of seeing whatever was 
specified was accomplished that the 
task of applying cathodic protection 
to this huge system was made rela- 
tively easy. Aubrey L. Roberts, now 
general superintendent of the entire 
company, had direct charge of the 
construction and he and all his assist- 
ants deserve congratulations and also 
thanks for excellent cooperation en- 
countered at every turn. 

The same applies to the several con- 
tractors on the various spreads who 
despite the large diameter, the heavy 
equipment, and the rugged country, 
all seem to have conspired to do a 
good job, especially from my point of 
view, on the coating and wrapping. 

Thanks also to the top management 
for giving me the opportunity to par- 
ticipate in the design, construction, 
and operation of this great pipe line, 
to Herbert L. Stowers, chief engineer 
of the company, and to Fred D. Stull, 
superintendent of communications 
and corrosion, who personally accom- 
panied me on all visits to the prop- 
erty and participated in the work in 
connection with the cathodic protec- 
tion program. kkk 
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Torsional Vibration’ 


All Possible Arrangements in Connection With an. 


Installation of Heavy Engines Should Be I nvestigated 
and Most Desirable Chosen—How T his Can Be Done. 


T. S. LLEWELLYN? 


Tue operation of diesel engines is 
often influenced by so-called critical 
speeds. These speeds are characterized 
by a change in engine performance 
during which there may be violent 
shaking of exterior parts, chattering 
of gears, unstable speed, and definite 
vibration of the whole engine or driven 
machine. This phenomenon is not con- 
fined to diesel engines but is common 
to all internal-combustion engines and 
may be found in machines of all types. 
Critical speeds in diesel engines are 
caused by torsional vibration of the 
crankshaft. They may occur at one or 
several points in the operating speed 
range. 

Crankshafts can vibrate transversely, 
axially, or circumferentially. The lat- 
ter is torsional vibration and it is most 
important because of its common oc- 
currence. During this vibration the 
shaft swings forward and backward in 
the plane of its rotation. The vibration is 
often severe enough to break the shaft 

“*Presented before The Pipe Liners Club of 
Tulsa, under title, ‘An Introduction to the 


Problem of Torsional Vibration.’’ 
fService Pipe Line Company. 
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by torsional fatigue or to cause failure 
of gears, chains, auxiliary equipment, 
etc. The condition arises because fluc- 
tuating torques twist elastic shafting; 
since this condition is inherent in en- 
gines, the matter should be considered 
in’ connection with every installation 
of heavy machinery. 


To visualize how a shaft vibrates 
torsionally, consider a straight steel 
shaft with a flywheel at each end. If 
this shaft is twisted by turning one 
wheel as the other is held firm and then 
both are suddenly released, the resili- 
ency of the steel shaft will cause the 
wheels to rock on their axes in rela- 


tively opposite directions. This is tor- ~ 
sional vibration, and it will continue 


until the energy of the original twist 
is dissipated by friction. The rapidity 
or frequency of the rocking motion 
will be constant regardless of the de- 
gree of original twist as this is gov- 
erned solely by the shaft stiffness and 
the inertia of the flywheels. This con- 
stant frequency is called the natural 








P 615.512. 


the vibrating flywheels, in phase with 
their motion, the amplitude of the vi. 
bration can be sustained or ever in. 
creased. This principle of increasing a 
vibratory motion is familiar to chil. 
dren using playground swings. 

As the shaft is twisted and the fly. 
wheels move in relatively opposite 
directions, there is, obviously, some 
point along the shaft at which the mo. 
tion changes direction and, there{ore, 
remains stationary. This point is called 
the node. A shaft with two flywheels 
can have only one node; one with 
three flywheels can have two nodes; 
the number of possible nodes is only 
one less than the number of masses 
attached to the shaft. Vibrating sys. 
tems with several masses can move so 
as to have one or more nodes but the 
natural frequency in each case is dif. 
ferent. The one noded vibration has 
the lowest natural frequency. For each 
successive node the difference in fre- 
quency is progressively smaller. 

The calculations for the vibration 
characteristics of actual engines is 
based on the flywheel and shaft anal- 
ogy. The running gear of the engine 
and driven machine is represented by 
a simplified mass-elastic system. Be- 
cause of the complicated shape of an 
engine crankshaft, the simplified sys. 
tem is based on empirical formulae. 

Fig. 1 shows a typical crank section 
of a large engine shaft for which the 
stiffness is to be found. The first step 
is to find its equivalent length, L.. The 
formula given is that derived by Car- 
ter and will give reasonable results. 
From the equivalent length the stiff- 
ness of the section is conveniently fig- 
ured by the ordinary rules for tor- 
sional deflection. That is. 
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ORIGINAL SYSTEM 


Je -* Ja . 
Ja = (Je+ dd) (8S) 
Ja = Yb (RG) 
FIG. 3 


The stiffness, C, is generally found 
for a deflection of one radian so that 
for a steel shaft the formula reduces 
to: 

1.158 « D* « 10° 
Cc =—=——— ee 


= |b-in./radian 


When a shaft ends with a flange, the 
shaft is considered to extend halfway 
through the flange. For pressed on 
hubs, etc., the shaft is assumed to ex- 
tend into the hub about a third of the 
shaft diameter. Where the shaft has 
several different diameters the equiva- 
lent length is found for the base diam- 
eter and the stiffness figured accord- 
ingly. Fig. 2 represents a shaft section 
between the end cylinder and flywheel 
flange of an engine and demonstrates 
the above rules. Section “a” has half 
the equivalent length of the section 
shown in Fig. 1, Section “b” can be 
considered as having an equivalent 
length equal to the true length, as the 
change in section is small. The diam- 
eter D, of Section “c”’ extends into the 
flange a distance equal to d/2. The 
equivalent length of Section “c”’ based 
on diameter D, is given as L, or: 


—Om—v 3 


ae — C 
=o Jo 


aC 








Oe 


EQUIVALENT SYSTEM 


Cc, = Ca 


2 
C,= Cb (FE) 


me) Y, 


== ((3X;)) 


Ly for Section “d” is then: 
d (D*) 
2 (D,*) 
where D, is the bolt circle diameter 
of the flange. 

The stiffness values for flexible cou- 
plings are provided by the manufac- 
turers from physical test data. 

When the driven machine operates 
through gears, it is convenient to con- 
vert all factors to an equivalent value 
at engine speed. Fig. 3 shows this 
diagrammatically. The equivalent stiff- 
ness and inertia factors are obtained 
by multiplying by the square of the 
gear ratio. 

In the simplified mass-elastic sys- 
tem the equivalent inertia is found for 
each revolving mass of any conse- 
quence. The moments of inertia for 
revolving masses are ordinarily ex- 
pressed in units of lb-in. sec.?. There- 
fore J, the moment of inertia, is equal 
to WK*/g where g is the acceleration 
factor of gravity and equal to 386 in./ 
sec*; k? is the radius of gyration of 








db Jepig epg «= Ygeart pump 


FIG. 4 


the weight, W. The expression Wk’ or 
WR? is defined as the “flywheel effect” 
of the mass. 

It is beyond the scope of this paper 
to go into detail for figuring the J fac- 
tors for crank sections, flywheels, etc. 
In most cases the calculation can be 
made with the help of standard engi- 
neering handbooks. Of course, dimen- 
sions of the shaft and weights of rod, 
crank bearing and piston must be 
known. The purely rotating part of the 
crank-piston assembly offers no real 
difficulty ; however, the piston and up- 
per end of the rod reciprocate and dur- 


‘ing part of the crank revolution they 


are stationary. Stated briefly, the prob- 
lem is handled by assuming that 0.4 
of the rod weight is reciprocating and 
thus it is added to the weight of the 
piston. Half of the reciprocating 
weight is then considered to have a ro- 
tating motion. The equivalent J for the 
reciprocating weight at crank radius, 
r. is then, taken as: 
Jrec. = we 
fo) 

Jrec. is added to the J for the rotating 
elements. 

The J’s for flywheels, hubs, gears, 





N. F. = 1190 Vib. per min. 


FIG. 5. HOZLER TABULATION 


1190 x2 n 


whedon ie 


= 124.5 Rad. per sec. 


W?2 = 15,500 Rad. 2/sec? 





Mass lb-in sec? 


Torque 

per unit 
J deflection 
lb-in/rad. 


Torque 
in plane 
of mass 


Deflection 


radians 


Total 
Torque 
J. W? ¢ Ib-in 


Stiffness Change in 
y deflection 
Ilb-in/rad. Ag 





360 
500 
500 
500 
500 

J5 500 

JEW 39,400 

Jeplg 750 

Jeplg 653 ; 

J pump 1,240 19.2 


1.000 5.59 
9842 .63 
9386 .26 
8680 6.72 
.7742 6.0 
.6597 5.1 
.4955 303 
— 1.5085 —17.4 
— 2.126 4 es 
—15.846 304 


AAA KKK KKK HK 








5.59 x 





ote: The negative residual torque of —1.8 indicates the assumed N. F. is slightly high. A positive residual torque for the 
1 — node N. F. would indicate the assumed N. F. is too low. 
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FIG. 6 
N. F. = 1,820 W = 190.6 W? = 36,300 
Mass J Torque ¢ Torque x ¢ = Torque C A ¢ 
Jp 360 13.1 x 106 1.000 13.1 x 106 13.1 x 106 354 x 108 .037 
Jy 500 18.15 x 106 .963 17.5 x 10° 30.6 x 106 290 x 106 . 1055 
Jo 500 18.15 x 106 .8575 15.6 x-1F 46.2 x 106 290 x 106 . 1592 
Js 500 18.15 x 106 .6983 12.7 x 106 58.9 x 106 290 x 106 . 203 
I, 500 18.15 x 106 .4953 9. «x10 £467.9 x 106 290 x 106 . 234 
5 500 18.15 x 106 .2613 4.74 x 106 72.64 x 106 233 x 10& .312 
Jrw 39,400 14.30 x 106 — .0507 —72.5 x 106 .14 x 106 170 x 106 .0008 
Jeplg 750 27.2 x 106 —.0515 . —1.4 x 108 —1.26 x 106 540 x 106 — .0023 
Jeplg 650 23.6 x 106 — .0492 —1.16 x 1068 -—2.42 x 106 22 x 106 —.11 
pump 1,240 45. x 106 .0608 2.72 x 3 x 1¢ 
Note: Positive residual torque indicates N. F. is too high. 
Negative residual torque indicates N. F. is too low. 





etc., are calculated by conventional 
means. 

At this point it is assumed that ihe 
C and J values have been determined 
for a 5-cylinder, 4-cycle engine of 
1614-in. bore and 23-in. stroke, which 
is used to drive a horizontal triplex 
double acting plunger pump. The drive 
is through single reduction gears and 
has a flexible coupling between the 
flywheel and pump pinion shaft. The 
crank shaft has an auxiliary flywheel 
at its free end. Fig. 4 represents the 
system. The values of J and C are set 
down in a Holzer table as shown by 
Fig. 5. This is one of several methods 
for determining the natural frequency. 


lt has the advantage of giving good | 


results even when the various steps are 
figured by slide rule. Essentially, it is 
a trial and error method but it is not 
overly tedious even when several trials 


must be attempted. It has the added 
advantage of showing directly the rela- 
tive angular deflection at each mass 
and the position of the node or nodes. 
The theory behind the tabulation is 
rather involved but it is based on the 
fact that when a system vibrates the 
torque required to produce the vibra- 
tion of the first mass J, is equal to J, 
“w?”’ sin wth or mass times accelera- 
tion. In this case, w is the phase veloc- 
ity in radians/sec of the torsional oscil- 
lation and not the angular velocity; 
for the first trial its value is assumed. 
¢ is the angle of twist. The torque re- 
quired for the vibration of J, can come 
only from the right of this mass. As the 
stiffness, C, of the shaft from J, to J, 
is known, the deflection beween these 
two masses will be J,w’sinwt/C, or 
J,w?/C; for the maximum deflection 
of one radian. The amplitude of the 
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vibration at J, is assumed as one ra- 
dian. The amplitude at J, will conse. 


w- A 
J,w* and this re- 
C, 


quires a torque equal to 
(1 ace J ,w’) 
C, 

The total torque acting at J, will in- 
clude the torque at J,. The deflection 
between J, and J, and the torque at J, 
are worked out in a similar manner 
and by successive steps, as shown in 
the tabulation, the torque can be 
found at each mass and at the end 
mass, J,. If this final residual torque 
is zero or nearly so the phase velocity 
w has been assumed correctly for the 
natural frequency of vibration as this 
indicates a free vibration requiring no 
torque to. sustain it. A positive or nega- 
tive residual torque indicates to what 
extent the first assumption of w is in- 
correct. Since w can be considered as 
the constant angular velocity in ra- 
dians/sec of a rotating vector, which 
when represented as a simple harmonic 
motion, reproduces the same angular 
motion as that of the vibratory motion 
in the shaft, the natural frequency will 


w X 60_ 
27 


The tabulation in Fig. 5 has been 
made for the one node vibration. That 
this is the one node vibration is shown 
by the value of the units in the column 
for deflection. These show the masses 
change direction of oscillation only 
between the flywheel and coupling. 

In Fig. 6 a similar tabulation is 
made for the two noded vibration. In 
this case, the direction of oscillation 
is changed between No. 5 cylinder and 
the flywheel and again in the pinion 
shaft between the coupling and gear of 
the pump. 

The natural frequency for the one 
node vibration is found to be 1190 
vibrations per minute and for the two 
noded frequency 1820 vibrations per 
minute. The maximum vibratory tor- 
que for | radian amplitude at the ‘irst 





sequently be 1 — 


J.w* 


be equal to 
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mass. recorded in the tabulation of 
Fig. 5, is 343 & 10° Ib-in., and in 
Fig. 6 it is 72.63 X 10° lb-in. In each 
case the shaft diameter is 97% in. at 
the node where the maximum torque 
is acting. The stress in the shaft at the 
nodes is now calculated for a deflec- 
tion of one degree at the free end of the 
shaft by using the torque for one ra- 
dian deflection and making allowance 
for it in a standard torsional stress 
formula, that is: 

Co ex ieee 
ores =D? 573 Xa XD 

Tmax 


11.25 * D® 





For the one node vibration the stress 
is 31,500 psi per degree at the free end 
of the shaft. For the 2 node vibration 
the stress is 6700 psi. 

Methods have been worked out to 
predict the actual deflection at the free 
end of the shaft for various orders of 
vibration. From these values for de- 
flection the stress is calculated from 
the foregoing; however, regardless of 
these calculations, it is always better 
to analyze the system and try to intro- 
duce elements that will change the fre- 
quency so that harmful major critical 
speeds are safely outside the operat- 
ing range. This often can be done by 





changing the type of flexible coupling: 


or within rather broad limits the WR? 
of the flywheel may be varied; some- 
times extension shafting can be al- 
tered; any change in mass not near a 
node will be effective. When these 
methods will not correct conditions 
the use of a vibration damper is ad- 
visable. This device can generally be 
adapted to the free end of the shaft 
and it is extremely effective for ab- 
sorbing vibrations. 

For the example shown in Figs. 5 
and 6 the engine was torsiographed 
and a severe two noded vibration was 
recorded at 244 rpm. The torsiograph 
is an instrument that gives a graphical 
record of the angular deflection of the 
shaft and the frequency of the vibra- 
tion. This graph gives a positive figure 
for determining stress as well as type 
of vibration. For this engine, the de- 
flection was found to be 1 degree at 
244 rpm and, as the frequency was 
shown to be that for the two noded vi- 
bration, the stress was 6700 psi. The 
shaft in this engine broke in the No. 5 
crankpin and in order to reduce the 
vibratory stress a viscous damper was 
subsequently installed in place of the 
auxiliary flywheel and the stress re- 
duced to 1950 psi. 

The question of what constitutes a 
safe stress can not be readily answered 
without a consideration of the actual 
shape 


cranks, as illustrated in Fig. 1, stresses 
greater than 3000 psi should be avoid- 
ed. For straight shafts a stress of 10,- 
000 psi is safe. - 

For the average installation only the 
one and two noded vibrations need 
to be investigated as the harmful crit- 
icals for other nodes are usually be- 
yond the operating range. The reader 
may recall that mention was made of 
critical speeds being encountered at 
more than one speed. This statement 
will now be investigated. 

Fig. 7 shows on the left the masses 
of the running gear of one cylinder. 
The pressure’acting on the piston is 
transmitted to the crank in the form 
of tangential torque. This torque is 
far from uniform and it is this lack 
of uniformity that sets the shaft to 
twisting and thereby vibrating. It is 
seen that the average torque is only a 
fraction of the torque during the firing 
cycle and at the 4 dead center positions 
of the 2 revolutions of the complete 
cycle the torque is zero. The only effect 
of load is to change the torque during 
the firing stroke. Actually, with no load 
the torque during the firing stroke will 
equal that during the compression 
stroke so that even without load there 
is a fluctuating torque. 

The torque curve can be broken 
down into a, multitude of harmonic 





curves, the total sum of which equals 
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the original torque curve. These har- 
monics are designated as orders as 
shown to the right in Fig. 7. The first 
of these forces has one half period per 
engine revolution, the second has 1 
period per revolution and so on to in- 
finity. They are called the harmonics 
of the %, 1, 1%, etc. because they 
show as many full sine waves per revo- 
lution. The only useful harmonic is 
the 0 order or average torque. It pro- 
duces work. The others only produce 
vibrations. 

\s there in an infinite number of 
harmonics that produce synchronous 
motions in the crankshaft, any one of 
them can force a vibration, which is 


produced independently of the other 
harmonics. When the forced harmonic 
vibration happens to correspond to 
the natural frequency, the free vibra- 
tion is amplified and except for damp- 
ing, this resonant condition would de- 
stroy the shaft. 

The harmonics are classified as 
major and minor. In 4-cycle engines 
the major harmonics are those cor- 
responding to whole number multiples 
of the firing impulses per crankshaft 
revolution. In the 5-cylinder engine 
cited, these would be the 214, 5, 714, 
etc. In a 6-cylinder engine they would 
be the 3, 6, 9, 12, etc., but, in this case, 
a minor harmonic such as the 714 can 
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be troublesome with certain firing or. 
ders. The question of firing orders will 
not be elaborated upon herein. 


Returning to the natural frequeticies 
of 1190 and 1820 for the 5-cylinder 
engine analyzed in Figs. 5 and 6. con. 
sider first the one node vibration. The 
operating range of the engine was be. 
tween 175 and 277 rpm and therefore 
only one critical speed can be expected 
to be encountered within the operating 
range. This is the 5th order vibration 
caused by the 5th harmonic at 1190/5 
or 238 rpm. From the high stress of 
31,500 psi calculated for 1 degree de- 
flection of the free end of the shaft, 
one might expect a severe disturbance 
from even a modest reaction of this 
harmonic. However, the calculated 
stress was less than 2000 psi and the 
vibration was not found with the tor- 
siograph because its position was very 
close to the 714 order, two noded vi- 
bration which was of greater ampli- 
tude. 


The two noded vibration at 1820 
cycles per minute gives the following 
critical speeds for major harmonics: 


Order RPM 
5 364, 
T% 242 

10 182 


The 5th is beyond the operating 
range. The 714 was calculated as caus- 
ing a stress of as high as 7350 psi. The 
torsiograph showed this to be 6700 
psi. The 10th order at 182 was not of 
much importance. 


In connection with the 71% order, 
the actual calculated stress, when us- 
ing accepted constants based on expe- 
rience, was found to lie between 4000 
and 7350 psi. This is a rather wide 
spread and so indefinite that the meth- 
od for this calculation has been pur- 
posely omitted here. After reviewing 
a representative number of calcula- 
tions made by various authorities, the 
writer has acquired a rather pessi- 
mistic outlook for stress forecasts when 
the frequency calculation shows a 
major critical speed is present within 
the running range. Major criticals 
would exclude anything above the (N 


cylinder X 2) order. Rather than to_ 


put too much faith in a numerical cal- 
culation of stress where a major order 
is concerned, the writer advises that all 
possible arrangements of a proposed 
system be investigated and the most 
desirable chosen. If major criticals are 
‘still present within the speed range. 
the system should be torsiographed 
after installation and dangerous crit- 
ical speeds located. Severe vibrations 
occupy broad ranges in operating 
speed and with the torsiograph the 
limits can be-defined. In the final an- 
alysis the torsiograph ends all i 
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Competitive Position of Natural Gas 


versus 


Coal, Fuel Oil, Manufactured Gas, and Atomic Energy” 


Tue competitive status of natural 
gas as one of the principal sources of 
energy supply in the United States 
may be better understood and ana- 
lyzed when it is compared first with 
primary fuels like coal and fuel oil; 
secondly, with manufactured gas; 
and finally, with atomic energy. Such 
a study, showing comparative prices 
and price trends, should include con- 
sumer statistics, reserves, related eco- 
nomics, and developments that may 
be expected when technological ac- 
complishments are evaluated. After 
the foregoing information has been 
set forth and commented on, it will 
be seen that natural gas as a fuel and 
source of energy commands an ever- 
increasing position of importance in 
the fuel picture of the nation. 


Sources of Energy Supply 


At the turn of the century the most 
important energy sources of the na- 
tion were coal (anthracite, bituminous, 
and lignite), natural gas, petroleum, 
and water power. 

The Bureau of Mines has con- 
verted these various energy sources 
into British thermal units, and these 
various sources of energy supply 
from 1900 through 1947 are avail- 
able. It will be noted that while nat- 
ural gas utilization has risen from 
3.2 per cent of the total in 1900 to 
13.3 per cent in 1947, the total en- 
ergy supply has increased more than 
four times so that natural gas utiliza- 
tion has increased about 18 times in 
the period 1900 to 1947. During 
this same period the use of coal in 
all its forms about doubled. The con- 
tribution of petroleum to this supply 
has increased more than thirty-fold 
in this period. It will be noted that 
in the more recent period of 1940- 
1947, however, usage of petroleum 
has remained at 32.9 per cent with- 
out further increase, while the per- 
tentage contribution of natural gas 

as continued its increase from 11.2 
per cent to 13.3 per cent in 1947. 

*Presented before the Independent Natural 


Gas Association of America, Dallas, Texas, Oc- 
tober 31, 1949. 


TDirector, Division of Engineering, Texas Col- 
lege of Arts and Industries, Kingsville, Texas. 
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Annual estimates of the nation’s 
reserves of coal, petroleum, and nat- 
ural gas are available. When re- 
viewed, it will be seen that because 
of the magnitude of the coal re- 
serves in relation to the annual rate 
of consumption, the year-to-year coal 
reserve statistics do not change to 
any great extent. Although discov- 
eries exceed production, petroleum 
and natural gas reserves of about 
23.3 billion barrels and 173.9 tril- 
lion cubic feet, respectively, do not 
approach the magnitude of coal re- 
serves. The substantial continuous in- 
crease in gas reserves indicates that 
upon reaching a maximum position 
it can continue as a highly competi- 
tive fuel in the national picture over 
a long period of years. 


Comparative Prices of 
Fundamental Fuels 


The relative prices of the funda- 
mental fuels, natural gas, coal, and 
fuel oil, are better seen when reduced 
to a common denominator and re- 
ported in terms of cents per million 
Btu. In addition, such a comparison 
should include both the residential 
and industrial levels. In the compari- 
son on the residential or domestic 
level, burning efficiencies should be 
taken into consideration. In this 
study the bases of 84 per cent for 
coal and 92 per cent for fuel oil as 
compared to the efficiency of gas have 
been used. Also, this comparison on 
the domestic level is restricted to cen- 
tral househeating because it is at this 
level that these fuels are directly 
competitive. 

Table 1 sets forth the percentage 
change in the prices of the funda- 
mental fuels over a seven-year period, 
from 1940 to the beginning of the 
heating season of 1947-1948". It will 
be noted that in the 23 cities cited in 
this study there have been very sub- 
stantial increases in the price of coal 
and fuel oil in all cities. Natural gas 
prices have, with few exceptions, de- 


1In this paper, sources of energy supply are 
available from the Bureau of Mines through 1947 
and these price statistics are also quoted at this 
time. Later in this paper present price levels 
have received comment. 


clined on the domestic level or re- 
mained the same. 

Table 2 indicates that during the 
1947-1948 heating season any rela- 
tive advantages in the price of coal 
and oil for central househeating that 
may have existed during any prior 
time have changed so that during this 
period many cities had natural gas 
cheaper than fuel oil. When the ad- 
vantages of natural gas from a stand- 
point of cleanliness, convenience, con- 
tinuous service, etc., are taken into 
account, it appears that natural gas is 
now the more economical fuel for 
residential heating purposes in most 
of the cities set forth. 

When the industrial level is in- 
vestigated, the same trends are indi- 
cated. Tables 3 and 4 give similar 
statistics for the industrial level as 
has been previously set forth for the 
domestic level. It will be noted that in 
30 cities there have been substantial 
increases in coal and fuel oil prices, 
while the greater part of the same lo- 
cations saw the average price of nat- 
ural gas decline. In those locations 
where the price of natural gas in- 
creased, the increase in the price of 
coal and fuel oil was considerably 
greater. In the 30 cities shown, only 
two found oil cheaper than natural 
gas; and there are many cities in 
which natural gas is now cheaper 
than coal on the industrial level with- 
out allowance for the greater burning 
efficiency possible with natural gas. 

The trends since the heating season 
of 1947-1948, the time of these com- 
parisons is set forth as follows: With- 
out exception, the average prices of 
solid fuels and all grades of oil used 
by utilities showed increases during 
1948 in adidtion to those experienced 
during the previous year. During the 
early part of 1949, oil prices, par- 
ticularly for the heavier grades, have 
decreased and even coal prices have 
given indications of falling slightly 
which makes the statistics on price 
comparisons set forth herein of con- 
servative nature when predicting 
price levels for the present heating 
season. 











TABLE 1. Percentage change in prices per million Btu of gas, 
coal, and fuel oil for house heating, third 
quarter 1947, compared to 1940. 





Natural gas* 
City 


Washington, D.C............... 


Pittsburgh 
Columbus 
Cleveland. . 
Detroit 
Peoria 


Cheyenne. . 
Denver 
Atlanta 
Memphis. 
Mobile. . 


New Orleans........ Absa mastasans 
Kansas City, Missouri.......... 


Wichita 
Little Rock 
Dallas 
Houston. 
Butte 


Salt Lake City 


Phoenix 


San Francisco 
Los Angeles. ... 


Binghamton. . 


Buffalo 
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Philadelphia. .... 
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Louisville 


Indianapolis. ee 


Chicago 
St. Louis 


Minneapolis. . . 
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Birmingham 
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Coal Fuel oil 
(Per cent change) 
+68 .2% +51.8% 
+97.6 Brae 
+77.6! +59.9 
+76.9 +59.9 
+94.5 +74.3 
+85. 11 aie 
+36 .0? +35.91 
+43. 5? ih 
+95 .3% saut 
+100.4 oo 
+79.8 aug 
+47 .34 wate 
+58.4 +45.1 
+68.2 +46.9 
+39. 2? Ae 
+52.1) xsi 
+21.05 +58. 26 
Fuel oil 
(Per cent change) 
+66.4% +41.2% 
+56.9 +73.5 
+50.0 +52.9 
+60. +49.2 
: +59.9 
+66. 2! si 
+67.8 +47.8 
+71.2 +42.4 
+71.8 +59.7 
+795 +46.5 
+34. 2! +45. 91 
+111.5 en 





* Based on 1947 distribution. 


! 2nd quarter 1947 compared to 1940. 
2 2nd quarter 1947 compared to 1941. 


5 3rd quarter 1947 compared to 1941. 


“ 4th quarter 1946 compared to 1940. 
5 3rd quarter 1946 compared to 1940. 


6 3rd quarter 1947 compared to 1944. 


SOURCE: Independent Natural Gas Association of America. 











TABLE 2. Comparative prices of gas, coal, and fuel for house heating based 
upon prices for third quarter, 1947. 





ae fuel .° — 
com) to gas (gas= 

' adjusted for —_—ee 

Natural Coal Fuel oil Coal uel oil 
Btu/cu (Cents per million Btu) (Per cent) —_— 

Washington, D.C........... 1100 104.0 39.7 76.5 45.5 80.0 
RCs ios, ¢ cotieca aur 1100 52.3 33.4 ie oe 
Sy ce 1030 48.5 38.0! 89.2 93.2 200.0 
M.S 5.0.8 bag.ac tne Ss 1100 50.0 49.7 89.2 118.4 194.0 
Detroit 1002 62.0 49.6 85.6 95.2 150.0 
Peoria tite ee 1000 57.2 32.4) ee ore - Sesse 
Des Moines.............00. 1000 60.3 35.1) 73.11 69.3 131.8 
Cheyenne.... 1000 40.4 40.9} Fae |) iar 
Denver 1000 37.7 37.3 tere 
Atlanta 1000 60.0 47.5 OF eae 
Memphis 960 52.7 45.3 Lave ae 
Mobile 1050 48.1 Gah bith Fl vasehee § vibes 
OO ree 1065 54.7 59.1 71.4 128.7 141.9 
Kansas City, Missouri 1025 44.7 39.2 73.6 104.5 178.9 
Wichita : 1000 37.6 ee ECE. tamolibteyaiee 2. sienenis 
Little Rock 1000 43.1 A ei ee ae: Fe 
Dallas 1000 53.6 Ser ie es ae Ne ieties « 9 haibiotcu 
Houston 1000 57.6 See ea et ee 
Butte 1000 45.0 38.7) oo 
Salt Lake City............. 875 50.7 32.4! bie 5 Sree 
I oes bas ox sack alnwed 1057 50.3 sien Sain tgo Ae =~ RE 
San Francisco 1100 33.7 eee ie eee 207.7 
Los Angeles. 1100 45.9 Sir. ; alee. ~ oes 
Coal and ruel oil prices 

compared to gas (gas=100) 

Manufactured L adjusted for — efficiency 
City or mixed Gas Coal Fuel oil Coal uel oil 

City Btu/cu (Cents per million Btu) (Per cent) 

Binghamton...... 850 66.3 46.6 81.6 83.7 133.8 
Sa eS 900 68.6 34.2 83.1 59.3 131.6 
NE 6, ists sich eaves 537 96.4 50.4 78.7 62.2 88.7 
Philadelphia 530 113.2 49.7 70.5 52.3 67.7 
PRED? cic iliac vases ace 1000 50.7 42.2 89.2 99.0 191.3 
ES See 900 57.5 34.9! Sand * aoe ee 
Indianapolis 570 76.3 38.6 80.1 60.3 114.2 
Sree 800 70.0 53.4 77.3 90.9 120.0 
St. Louis 800 64.1 42.6 77.3 79.1 131.1 
Minneapolis 875 62.9 58.7 79.4 111.1 137.2 
Omaha 600 83.3 42.01 72.2) 60.0 94.2 
Birmingham 540 76.8 44.0 hee ee ti(‘(“i‘« HS 

















! Prices for 2nd quarter 1947 used. 


SOURCE: Independent Natural Gas Association of America. 
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Natural and Manufactured Gus 

In this study, mixed gas is con- 
sidered as manufactured gas and its 
price at various locations-is compared 
with coal and fuel oil. Manufactured 
gas is produced by using coal, cvke, 
or various petroleum products as a 
basic raw material. Therefore, ii js 
only natural that the price of manu- 
factured gas will be greater than 
the price for primary fuels in the 
same locality, as would be the price 
of manufactured gas blended with 
natural gas (mixed gas). Thus the 
competitive picture of natural gas 
versus manufactured gas may partl 
be foreseen when each of these fuels 
are compared with the primary fuels, 
coal and fuel oil, at the locations in 
question. 

The picture of manufactured gas 
compared to coal and fuel oil on the 
domestic and industrial levels is also 
shown in Tables 1, 2, 3, and 4. It 
will be noted that again gas prices 
have not increased as have the pri- 
mary fuel. However, straight manu- 
factured gas is not in the same posi- 
tion to compete with these fuels as is 
natural gas or mixtures containing 
appreciable quantities of natural gas 
(gas with 540 Btu or lower). Of the 
three manufactured gases reported, 
it will be noted on the domestic level 
that one price has not changed al- 
though one has decreased by 4.5 per 
cent and the other has increased 19.7 
per cent. In the latter case, this sys- 
tem has changed and is now using 
natural gas as a blending agent. 

Companies producing _ straight 
manufactured gas have been faced 
with rising costs of raw materials like 
coal and oil and the cost of the 
manufactured gas has been held to a 
minimum only by temporary rigid 
economy measured and fuel clauses. 
Fuel clauses permit only a limited 
variation in utility gas rates without 
the necessity of further formal regu- 
latory commission action. Such ac- 
tion is taken on the basis of some 
mathematical relationship to the cost 
of the raw material with most of the. 
fuel clauses dependent upon the price 
of oil. In general, the answer to their 
problem appears to be the use of 
natural gas as a blending agent or 
as a straight distribution product. At 
the present time it is not economical 
in straight production practices to 
make gas with a higher Btu content 
than about 550 per cubic foot. A 
change to a higher Btu gas by using 
natural gas not only has economic 
advantages, but technologic as well, 
as the increase in system capacity 
varies directly as the increase in Btu 
content. When. 1000 Btu natural gas 
replaces manufactured gas of 500 
Btu content, the system not only 
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TABLE 3. Percentage change in prices per million Btu of gas, coal, 
and fuel oil for industrial purposes, third 
quarter 1947, compared to 1940. 

















Natural gas* Natural gas Coal Fuel oil 
Btu/cu ft (Per cent change) 

1001 —25.4! +100.7 +118.7 

1050 +16.1 + 90.1 +123.8 

1100 + 7.0 + 86.3 +136.1 

1118 +11.8 + 59.4 + 57.1 

1050 + 9.3 +116.7 +157.6 

1025 — 6.7 +117.3 +193.1 

1000 — 9.8 + 74.2 + 78.4 

1047 and 1034 +29.1 + 61.1 +111.2 

1001? +22.38 +101.1 +108.9 

991 +11.2 +64.4 +122.1 

1025 +10.1 + 78.4 +235.5 

1002 — 2.9 + 51.3 +107.2 

1000 —72.6 + 71.4 +109.8 

1003 —18.4 + 51.1 + 91.3 

875 — 3.7 + 65.0 + 35.7 

978 ae + 49.0 +188.9 

978 —10.5 + 71.1 +110.5 

1070 —46.6 assists + 49.3 

985 + 6.2 ; + 66.4 

1022 — 4.5 + 78.4 + 35.5 

1022 — 3.6 + 91.1 + 38.9 

: 1048 —17.5 - + 61.0 
TE re os oak ararctgie Sacéwieyn 1048 —17.5 + 64.0 + 57.3 
SPMMMINND, cece cecesiecs 1075 ee sO naw + 92.9 
ees. g ance Ware wt aedanor 1075 —31.6 +113.1 
ei piseien vadevccnceyn 1060 — 9.3 +113.1 
REMI: 5's 00 5's ociain:altibie’ cis ore 1000 —25.0 + 93.8 
a eee 1010 and 1040 —10.0 +235.5 
See eco er aa 1070 —19.0 +136 .6 
8s 5d on, mneneniare eer 1102 — 4.5 + 72.6 

ype coe pool 
; or mixed gas Gas Coal Fuel oil 
City Btu/cu ft —— —_—_——— (Per cent change) 

a attidy stiiansnnisies 840 ee + 91.7 +147.8 
Bingnamton........ 600.2 eees. 850 — 2.7 + 61.3 + 61.1 
EIR oicle oasoisis% sci sNivis 530 + 8.9 + 74.8 + 79.4 
ap picdies nabs i 904 + 4.7 +100.8 + 56.8 
RAS SA ern 1025 — 6.7 +117.3 +193.1 
io cs nik Vise dae Sore sions 900 — 0.8 + 77.6 + 86.1 
chs ce ug nce alters 1000 and 600 — 4,3! + 60.1 +109.8 


* Based on 1947 distribution. 

11946 com to 1940. 

3 Average for second quarter 1947. 

5 2nd quarter 1947 compared to 1940. 


SOURCE: Independent Natural Gas Association of America. 
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doubles in capacity due to the ther- 
mal concentration, but by belting the 
outlying districts and back-feeding a 
distribution capacity may be in- 
creased fourfold. 

During 1948 the total number of 
consumers using manufactured and 
mixed gas declined from the previous 
year. This decline was due in part to 
the change-over to natural gas of sev- 
eral large utilities. To a lesser extent 
it was due to the fact that most manu- 
factured gas companies added fewer 
new heating customers in 1948 than 
in the preceding year. 

In studying the financial status of 
gas companies, as industry expan- 
sions are not available, the ratio form 
will be used. Here natural gas and 
manufactured operating utilities are 
each defined as having at least 95 per 
cent of their operating revenue from 
that respective type of gas. In the com- 
parison over a 12-year period the total 
number of companies will vary. For 
manufactured gas there were 124 with 
a total operating revenue of $92,- 
000,000 in 1937 and 63 companies 
with $167,000,000 in 1948. Likewise, 
for natural gas there were 95 compa- 
nies with a $287,000,000 revenue in 
1937, and 1948 saw 154 companies 
with 1072 million dollars revenue. 
Thus the financial predicament of 








ARMSTRONG BROS. 


Better PIPE. WOOL 








Reversible Ratchet STOCKS 
and Adjustable DIES 


Exceptionally convenient where space is 
limited, this stock simplifies pipe threading 
close to walls, in corners and wherever operat- 
ing room is restricted. With adjustable dies (cut 
exact, over or under size threads) it is an ideal 
tooi where valves and fittings are being installed 
or maintained. 

“ARMSTRONG BROS.” Adjustable Dies are 
of special Vanadium Tool Steel, have “‘backed- 
off teeth, correct cutting angle, ample chip 
clearance and correct throat angle. 
They start and cut easily, hold 
~ their sharpness and “spin” off pipe 

» without jamming or tearing 


. aah < : threads. 
ARMSTRONG BROS. TOOL CO. | 


“The Tool Holder People” 
5231 w. ARMSTRONG AVENUE + CHICAGO 30, ILL. 
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Air-Cooling, as developed and perfected by Wisconsin Motor Corporation 
engineers, has these important advantages for the power user: 


1. Greatest freedom from cooling chores and troubles. More Service FROM the en- 
gine, less service TO the engine; fewer Man-Hours lost; more H.P. Hours on the job. 


2. Most efficient cooling at all engine speeds and all temperatures, from sub- 
zero to tropical highs. The engine never runs out of AIR! 


3. Lowest maintenance cost. Integrally cast flywheel fan eliminates all cooling 


**accessories”’ 


. . . Nothing to get out of order, wear out, or require replacement. 


4. Lighter engine weight and greater compactness... for most convenient portability 
and greatest installation adaptability as power components on original equipment. 


Every Wisconsin Engine from the smallest to the largest (3 to 30 hp., single 
cylinder, 2-cylinder and 4-cylinder) has all the advantages of dependable 
_ AIR-COOLING, plus heavy-duty design and construction throughout. 


WISCONSIN MOTOR 


Corporation 


MILWAUKEE 46, 
World's Largest Builders of Heavy-Duty Air-Cooled Engines 


WISCONSIN 










WRITE TO HARLEY SALES CO. 
510 ATLAS BUILDING, TULSA, OKLAHOMA 
M & M BUILDING, HOUSTON, TEXAS 
50S SOUTH MAIN ST., WICHITA, KANSAS 
OIL FIELD DISTRIBUTORS FOR WISCONSIN 
ENGINES AND ALL TYPES OF UTILITY UNITS. 














TABLE 4. Comparative prices of gas, coal, and fuel oil for industrial 
purposes based upon prices for third quarter, 1947. 








Coal and fuel oil prices 

















manufactured gas companies and their 
competitive position with natural as 
companies shows a decrease in net in- 
come of the former over a period of 


— é ne mca oR cep hye (qae= ito aa. brought +“ largely by 
? atural gas as ® uel OL 08! uel OL Oo n xpe e: “O- 
City Btu/cu ft (Cents per million Btu) (Per cent) lt ~ ms = % . _eorwl pee 
ST ag aan ae! 1001 re 27.7 See WT tate er portion of which has been the price 
Toledo TAGE es 1050 36.1 27.0 46.1 74.8 127.7 of raw materials like coal and fuel vil, 
Gieiead. .....:.:..00.s.. 1100 36.8 24.4 54.3 66.3 147.6 : : 
Pittsburgh................. 1118 32.3 15.3 52.8 47.4 163.5 As previously pointed out, one solu- 
RIEL. «(5's sveasictt's Bias tea 1050 37.7 26.0 55.9 69.0 148.3 ° ~ h f l 
Cincinnati ooo 1025 4 22:6 51.0 50.9 116.9 = is the use of natural gas and, 
or ayne... : : : 51 104.7 it i i ion 
a... 1047and 1034 s«19.1 23.2 53.0 121.5 277.4 wherever it 1s available, ceerrceson te 
BME ci scrsbsccedecnt a. 1001! 27.42 18.5 51.4 67.5 187.6 mixed or straight natural gas. Thus 
Op ace ayich Ko 991 18.9 21.7 49.3 114.8 260.8 a S uel f rr 
Kansas City, Missouri. ..... 1025 15.3 19.8 35.9 129.4 234.6 the increased price of coal and iuel 
aaa aoeaaneeei a ” 48.7 139.6 288.1 : rae 
Des Moines................ 1000 17.5 24.0 49.3 137.1 281.7 oil has not only allowed natural gas to 
Minneapolis 1003 20.4 28.4 53.0 139.2 259.8 gain on a competitive basis with them 
Salt Lake City............. 875 13.1 22.6 31.2 172.5 238.2 h | teeed : 
Cheyenne 078 34.2 24.6 31.2 71:9 91.2 but has also permitted natural gas to 
ee eee ee pee " ‘ ; 143.1 210.5 ; ; 
Nash 107 ih 4 - 50-0 role -_, * vig eo ges derived 
Ps, ,¢ .chineteawt r ae 8.6 Pere 205.3 e T 
NS Si a chacuagi 1022 17.1 24°8 46.2 145.0 270.2 ey ee ee Sy Pee 
Birmingham 00000000001) 1022 16.2 21.4 43.0 132.1 271.0 fuels. 
ackKson * oes . sees = - . 
Mobile 18 13.7 22.8 43.9 166.4 320.4 The eee — jen ex- 
Ce Sr eee . RP I eas 328.6 i ili i i 
ce 1075 9.1 32.6 358.2 pansion of the gas utility industry Js 
Dallas. «eee cesses 1060 13.7 32.6 238.0 revealed by the statistics of construc. 
ee ee , ; a 4 “4 . 
Wichita : 1010and 1040 10.8 35.9 332.4 tion expenditures that during 1948 at. 
BL Paao........0.2.-200+. wee es =. - tained the unprecedented level of 
eet 769.6 million dollars. Even when the 
eS Coal and fuel oil prioes inflated level of construction costs are 
anufactur ae compared to gas (gas= is j . 

City Btu/cu ft (Cents per million Btu) (Per cent) , accounted for, this industry has been 
NSS: 840 04.7 25.5 51.3 30.4 79.3 and will be carrying out the greatest 
en Se ee : ; : 6 57.7 j i iliti in i 
Phinddhis............... 530 112:8 28.5 39.1 25.3 34.7 expansion of physical facilities in its 
8 OE ERT 904 55.9 25.3 53.3 45.3 95.3 history. It will be noted that although 

Giasleeslh.... ...«:.c..cc0. 1025 44.4 22.6 51.0 50.9 114.9 ‘ ‘ 
MIN cos cca oenena 900 37.8 20.6 53.6 54.5 141.8 a considerable expenditure of a some- 
II § 2-67. ts Shin Nae Deted 1000 and 600 beats 26.9 49.3 ne 





' Average for secon:! quarter 1947. 
? Prices for second quarter 1947 used. 


SOURCE: Independent Natural Gas Association of America. 











what constant amount is going for dis- 
tribution, production, and_ storage, 
etc., by far the greater emphasis con- 
tinues to be centered on natural gas 















Series K Pumps Tested 
and Approved for 


OIL BURNER 
SERVICE 


Sizes %, 1/2, 3, 5 G.P.M. 














Moving 


to a New Address? 


If you are moving or expect pos- 
sibly to move any time soon, save 
the coupon below for your conven- 
ient change of address. It will pre- 
vent your copy of The Petroleum 
Engineer from being lost or mis- 







Roper Series K 
Pumps meet the 
standards set up by 
Underwriters’ Labora- 
tories, Inc., and then 
some! Suitable for oil 
burner service, they are 
available in either packed 
box or mechanical seal de- 


signs — with or without relief valve. The 3, 114, and 3 G.P.M. 


sizes are flange mounted... 5 


G.P.M. size is foot mounted. 


Get ail the facts on Roper Series K Pumps... write today! 








GEO. D. ROPER CORP. 
727 Blackhawk Park Ave. 
ROCKFORD, ILLINOIS 


directed. 











TO: The Petroleum Engineer 
P. O. Box 1589 e 


CHANGE MY ADDRESS, beginning with the 
issue 


Dallas 
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ry Among the important operating and service 
improvements embodied in the American 

X- METRIC A-88 Series Orifice Meters are the 

is following: 

iC- 

at- The mercury float is in the low side cham- 

of ber, which permits cleaning and calibra- 

he tion with low side cover removed 

re 

on Union type seal tube connections permit 

st interchanging 20”, 50”, 100” and 200” 

n ranges. Other ranges up to 800” available 

e- Over-range protection is provided by sub- 

s merged check valve with long guided 

e, stem and stainless steel seat 

n- 

as Under-range protection is provided by 

= check valve with stainless steel seat and 


plastic float in extended high-side 
chamber 


A new Teflon sealed stuffing box with 
monel shaft requires no grease or other 
lubrication furnished upon request 


A-88 Series Orifice Meters will handle tough 
measurement problems. They are rugged, yet 
simple. They are particularly suitable for ap- 
plications which must function properly where 
service inspections may be few and far be- 
tween. They maintain the American Meter 
Company tradition of “sustained accuracy at 
lower cost.” Write for Bulletin. American Meter Company 
RECORDING ORIFICE METER - 
Diff. Range Inches of Water 10—20—50—100—200 | 
Pressure Springs available for all applications 








METER COMPANY 


mNnCORPORATED (€EStfastesSneo 8636) 


ae AMERICAN 
(f 


60 East 42nd Street * New York 17,N.Y. © Albany © Alhambra 
Atlanta ¢ Baltimore * Birmingham ° Boston * Chicago 
Dallas * Denver ¢ Erie ¢ FortLlauderdale ¢ Houston 
Joliet * Kansas City * Los Angeles * Minneapolis * Odessa 
2 4 Philadelphia ¢ Pittsburgh * San Francisco ¢ Tulsa 

NEEDLE VALVES, SCREWED ORIFICE PLATES AND in Canada—Canadian Meter Co., Ltd., Hamilton, Ontario 
AND UNION BONNET ORIFICE FLANGES 

(Specification Sheet) {Bulletin EG-2) 
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Precision made die-molded packing rings 
by Durametallic present. 3 points of Sr pane 
satisfaction: ee soe 


l. They provide a :peifect fit ‘< your stuffing 
| box. . 


2. ‘They: save , time, ini and eliminate wreste. 


3: They are tailor-made to insure a more 
accurate packing installation. 


Write Today 
FOR FILE NO. DMPE 
. containing illustrated bulletins 
on Durametallic Packings—with 
specifications and data toward 
answering your sealing problems. 
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ERFECTRS 
SEAL A) 


KALAMAZOO oi MICHIGAN 


MANUFACTURERS OF METALLIC and SEMI-METALLIC PACKINGS 


ROTARY MECHANICAL SEALS and PACKING TOOLS 











DURAMETALLIC 1 CORPORATION 
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transmission systems, which in 1:8 
was equivalent to approximately 40 
per cent of the entire gas utility ind:s. 
try expenditure. In 1951 and 1952, 
the greater part of the over-all exp2n- 
sion of natural gas transmission li:-es 
should be completed and natural ¢::s, 
without doubt, will then experie:ce 
the most desirable position in its com 
petition with manufactured gas and 
other fuels. 


Atomic Energy as a Competitive 
Fuel 

Under the active stimulus of war, 
the first major application of atomic 
energy release has been that in ihe 
form of the atom bomb. This energy 
release whereby one pound of atomic 
fuel is equivalent to 1500 tons’ of coal 
or 40 million cubic feet of natural gas 
immediately becomes of great impor- 
tance in the fuel picture of the nation 
if technology can now control these 
forces and turn them to man’s use 
rather than to his destruction. 


When atomic energy is applied as a 
fuel, naturally the beginning point is 
heat that may be picked up by water, 
air or special heat transfer fluids. This 
heat in turn could be applied directly, 
or converted into electricity or me- 
chanical power by present-day steam 
or gas turbines. The use of interme- 
diate heat transfer fluids to protect 
against radioactivity would permit its 
use for space and water heating also. 
The above applications of heat de- 
rived from atomic energy would re- 
quire varying operating temperatures. 
Although present atomic piles run at 
low temperatures, it is evident that 
temperatures high enough for the ef- 
ficient operation of steam and gas tur- 
bines will be realized as the concen- 
tration of the atomic mass of the piles 
is increased. As the concentration of 
the pile increases so does the cost, 
and although experimental atomic 
power plants are being actively con- 
sidered today, we may not expect ex- 
perimental ships or submarines to be 
active before 10 years. Certainly we 
can not expect to see this source of 
energy competing with those dis- 
cussed in this paper before another 30 
years. Only then may this be possible 
should sufficient deposits of atomic 
raw materials be discovered and na- 
tional controls permit such a technical 
and economic accomplishment. These 
first commercial applications may be 
looked for in remote locations like 
Arctic airports or other locations 
where the transportation costs of the 
raw material would be a deciding fac- 
tor. Another application could be as 
a premium fuel for the propulsion of 
aircraft or missiles in which minimum 


“The Atom; New Source of Energy,” Mc- 
Graw-Hill Publishing Company, 1945. 
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The refraction of light (an unvarying law of nature) makes 
" the reading of Penberthy Reflex Gages unmistakable. Due 
‘ to this refraction principle, the empty space always shows 
; white—the space occupied by liquid always shows black. The 
t dividing line between liquid and empty space is sharp and 
unmistakable, there can be no error in reading. It is easily 
read as far as you can distinguish between black and white. 











Penberthy Drop Forged Steel Reflex Gages are available in 
f whatever lengths required and for various liquids. They are 
also fabricated to customer's specifications from special 
alloys to meet unusual corrosive and temperature conditions. 
- There is a Penberthy Gage of superior quality for every 
liquid level gage requirement. 
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HOW TO ANSWER PIPE PROBLEMS 
IN NATURAL GASOLINE SERVICE 









You won't go 
wrong using 
this simple 
addition: 


Naylor is the one light-weight pipe with the 
Lockseam Spiralweld structure that makes it stronger and 
safer than ordinary light-weight pipe. It provides the most 
practical answer to many applications in oil field service. 

Sizes from 4” to 30” in diameter; thickness from 14 to 7 
gauge; all types of fittings, connections and fabrications. 


Ask our distributors for Catalog No. 44 or write direct. 


Naylor Pape 


Mid-Continent Supply Company 
Ft. Worth, Texas and Branches 


Exclusive distributors in 
Mid-Continent and Gulf Coast Areas 


NAYLOR PIPE COMPANY 


1240 East 92nd Street 


Chicago 19, Illinois 





New York Office 
350 Madison Avenue, New York 17, N. Y. 












weight or similar characteristics are 
the controlling factors that could su»- 
port a high price. 

Summarizing, in the future the ap- 
plication of atomic energy during 


times of peace may be as staggering 


as it has been in the past during times 
of war. It appears, however, that if it 
becomes a competitor to the fuels dis- 
cussed herein, natural gas will be the 
least affected and the last of all to ex- 
perience active competition. 


Technological Trends 


The close association of petroleum 
and natural gas from their production 
through their end uses in many in- 
stances partially reflects the similar 
relationship that exists in their fields 
of technology and development. It has 
been an active program of research 
and development that has insured 
ever-increasing production efficiency, 
transportation, processing, and utili- 
zation of these so-called twins. Thus, 
trends in technology should not alter 
the comparative position of either of 
these fuels from the competitive stand- 
point as set forth herein. 

A marked difference is seen when 
natural gas is compared to manufac- 
tured gas. Today natural gas replaces 
manufactured gas because, with the 
price of raw materials, present proc- 
esses do not allow manufactured gas 
to compete with natural gas except in 
locations remote from the natural gas 
fields. But each day the developments 
in long-distance transmission - line 
techniques reduce this remoteness, al- 
lowing natural gas to continue its eco- 
nomic inroads on manufactured gas. 
Thus, to retrieve this loss, processes 
must be developed to produce a high 
Btu gas capable of competing with 
natural gas. The manufactured gas 
industry has been active in production 
research problems, Satisfactory proc- 
esses for catalytically cracking nat- 
ural gas and heavier hydrocarbon 
mixtures for a higher Btu mixed gas 
for distribution and for peak loads 
have been developed. In addition, a 
new high Btu oil gas process is now 
in operation to produce oil gas to re- 
place natural gas in peak shaving or 
for enrichment operations. These new 
processes, it should be noted, employ 
liquid or gaseous hydrocarbon raw 
materials. 


The gasification of our solid fuels 
in place or their production and gasi- 
fication in the field are presently be- 
ing actively investigated and offer po- 
tential competition to natural gas. 

It seems, however, that the current 
price of solid raw materials and pro- 
duction costs will delay the time such 
operations can be put on a commer- 
cial scale. Such technologic and eco- 
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LOW or HIGH \ 
PRESSURE < 








Up go gathering and transmission line pressures in meeting — 
today’s vastly greater demand for natural gas. But increased — - 
pressures mean increased troubles from hydrate formation. ee 9 
UNLESS there's a BS&B Dehydrator on the job! DRY” METHOD — 
BS&B Engineers have fought hydrates for years ... and More effective, using solid granular absorb- 
they are now well ahead of the problem. Two basic types of ent, capable of reduction to less than one 
dehydrating systems are now ready to serve you. Each has pound of water vapor per million feet of 


advantages in overcoming certain phases of the problem. Each 
eliminates costly, troublesome, time-wasting, labor-consuming 
freeze-ups. And they're so efficient that it is cheaper to dehy- 
drate than to heat! Ag 


Remember, once water is removed, hydrates are gone for 
good, never to plague you again further along in processing. 


gas. Pressures up to 2000 psi and above 
are handled with great efficiency. 


Up-to-the-minute reports are available to you concerning 
BS&B’s continuing progress in dehydra- 
tion. For all the facts as they concern 
your operation, call your nearest BS&B 
Sales Engineer today ... or fill in coupon 
below. 






















BLACK. SIVALLS & BRYSON, INC., Section 2-22-7 | 
720 Delaware St. Kansas City 6, Mo, 
I want more information about BS&B’s progress in Dehydration. 


I am interested in [J “Wet’’ process [] “Dry” p:ocess at approxi- 
mately. psi pressure. 
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® Your replacement cost of pressure gages may 
be higher than you think. For example, in an oil 
refinery the average annual cost runs about 10¢ 
per barrel daily through-put. On that basis, a small 
10,000 barrel refinery spends about $1000 a 
year for new gages. And the cost of parts, repairs 
and maintenance is much higher. 

Investigate your own gage costs! They may be 
much more than they should be. 

Helicoid gages last longer—many times longer 
than conventional gages—at about the same price. 


Specify HELIcoID to cut your gage costs. 







Only Helicoid Pressure Gages 
have the Helicoid Movement. 


HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE COMPANY, INC. 
: Bridgeport 2, Connecticut 
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nomic changes seem improbable je. 
fore the advent of a synthetic-fuel in- 
dustry. 

If technologic advances speed wp, 
however, we may see transmission 
lines handling not only natural zas 
but a high Btu gas manufactured from 
solid fuels with a varying point in the 
pipe line where the delivered cos! of 
each fuel would be the same. ‘his 
point would vary as the cost of pro- 
duction and transmission of each type 
of gas. 


Conclusion 
It has been shown that there have 
been substantial increases in the price 
of coal and fuel oil throughout the 
country although natural gas prices 
in most instances have decreased or 
remained the same. In the very few 


instances where natural gas has in- , 


creased in price, there has been a 
much greater increase in the price of 
coal and fuel oil. As a result, the rela- 
tive advantages in the price of coal 
and oil for domestic and industrial 
use has been narrowed to the point 
that in many cases natural gas is now 
cheaper than either fuel oil or, in 
other localities, cheaper than coal. 
Natural gas presently experiences 
similar advantages over the manufac- 
tured gas which is derived from coal 
and oil. Considering that natural gas 
is advantageous from the standpoint 
of convenience, cleanliness, and its 
high Btu content, the latter in refer- 
ence to manufactured gas, it is to be 
expected that the trend now being ex- 
perienced will continue so that there 
will be a constantly growing demand 
for natural gas in preference to either 
coal, oil, or manufactured gas. 

It has also been shown that the in- 
troduction of a new form of energy, 
such as atomic energy, and new proc- 
esses for the production of gas from 
solid or liquid fuels will not appre- 
ciably affect the ever-increasing role 
that natural gas will play in the total 
fuel picture of this nation in the years 
to come, 
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High-quality petroleum lubricants add years 
to the useful life of the average passenger car. 
At the end of 1949 the average car on the road 


was 8.4 years old. The pre-war average figure 
was 5.5 years. 
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Three-Stage Nonmagnetic 


Mass Spectrometer 


A THREE-STAGE nonmagnetic mass 
spectrometer, employing the principle 
of velocity selection, has been devel- 
oped by Dr. Willard H. Bennett of the 
National Bureau of Standards. In the 
new spectrometer a radio-frequency 
field replaces the usual magnetic field. 
Combining unusually simple opera- 
tion with small size, light weight, and 
high sensitivity, the instrument has 
promising applications in several 
fields of science and industry. 

in ordinary mass spectrometers a 
high intensity beam of ions is bent in 
the field of a large iron magnet, passed 
through a narrow slit, and then 
foc:ssed accurately on a narrow re- 
ceiving slit. The nonmagnetic mass 
specirometer uses neither bending nor 
focusing. Ions produced in the ioniza- 
tion chamber travel in parallel paths 
thro.igh the tube, a glass cylinder 8 in. 
long and 2 in. in diameter. Three sets 
of ti:ree tungsten-wire grids are spaced 


along the tube to form the three stages. 
A radio-frequency potential is applied 
to the middle grid in each stage. An 
additional grid, with a negative poten- 
tial applied, follows the final stage and 
in the absence of r-f potential turns 
back any electrons that may have 
arisen anywhere along the tube. Fol- 
lowing the final grid is a collector 
plate whose potential is sufficiently 
positive to ‘repel all but the desired 
positive ions. 

The distances between grids and be- 
tween stages are selected very accu- 
rately so that for any particular ion 
mass there will be a single definite fre- 
quency of the radio-frequency poten- 
tial, which can speed up ions of that 
mass as they pass through each stage. 
The increased speed of these ions en- 
ables them to overcome the opposing 
potential on the collector while all 
other kinds of positive ions are turned 
back. Successive distances between 
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The three-stage nonmagnetic mass 
spectrometer in experimental opera- 


P 031.171. 


tion at the National Bureau 
of Standards. 


stages must be chosen so that the r-{ 
potential will complete an exactly in- 
tegral number of cycles during the 
time it takes for an ion of the desired 
mass to travel between stages, picking 
up maximum energy in each stage. 
The best combination of these integral 
numbers for a three-stage tube turns 
out to be 7 and 5, and in actual opera- 
tion the 7-and-5 cycle tube has com- 
pletely separated the isotypes of chlo- 
rine. From this observation it is esti- 
mated that a four-stage tube, using 
integral numbers 13, 11, and 7 should 
resolve masses differing by only one 
per cent. 

The spectrometer can make use of 
all the ions that can be made to emerge 
through a grid several centimeters in 
diameter, and a new kind of positive 
ion source has been developed to take 
advantage of this. A spiral filament 
delivers an ionizing electron current 
of 100 milliamperes through a double 
grid attached at one end of a hollow 
metal cylinder 3 centimeters deep, The 
far end is closed by a grid and near it 
is another grid at a negative potential 
that turns back all electrons and draws 
positive ions out from the cylindrical 
enclosure. At a pressure of 4 by 10° 
millimeters of mercury the source de- 
livers a positive ion current of 100 
microamperes. 

By an appropriate changé in ion 
source and reversal of potentials, the 
spectrometer works well for the study 
of negative ions, an important feature 
of the new instrument. As negative 
ions are in general much less abund- 
ant, when they exist at all, the unusual 
sensitivity of the Bennett spectrometer 
is a great advantage in the study of 
negative ions. ; 

In the development of vacuum tubes 
as for example power transmitting 
tubes such a spectrometer can be very 
helpful in analyzing gases and vapors 
that are evolved from the heated elec- 
trodes. 


Surface reactions are another group 
of processes for which the new spec- 
trometer can be used, separately an- 
alyzing the positively or negatively 
charged components. In gaseous dis- 
charges, the instrument can be used 
for direct analysis of the ions without 
magnetically disturbing the discharge. 

One of the urgent needs of the U. S. 
Bureau of Mines is an instrument that 
can be used in the field for the analysis 
of small percentages of hydrogen in 
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Close-up of a completed three-stage nonmagnetic mass spectrometer tube de- 

veloped by Dr. Willard H. Bennett at the National Bureau of Standards. Three 

sets of tungsten-wire grids are spaced along the tube to form the three stages. 

A radio-frequency potential applied to the middle grid in each stage speeds up 
ions of the desired mass enabling them to reach the collector. 


the manufacture of helium. The new 
spectrometer has already demonstrated 
adequate sensitivity and resolution for 
this task, and it can be readily adapted 
to automatic operation. Similarly, the 
new instrument could be used for con- 
tinuous observation of the air in an 
enclosed space, giving warning of the 
presence of dangerous components 
such as hydrogen or chlorine. In addi- 
tion, an active project is now under 
way at the National Bureau of Stand- 
ards to adapt this instrument for use 
as an extremely sensitive carbon mon- 
oxide detector. 

The lightness and compactness of 
the nonmagnetic spectrometer offers a 
way to settle the question of the chem- 
ical composition of the upper at- 
mosphere. This is a problem that is 
directly related to work in radio pro- 
pagation and _ stratospheric flight. 
Arrangements have been made with 
the Applied Physics Laboratory of the 
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Johns Hopkins University to send one 
of the new spectrometers aloft in a 
rocket. Before it is mounted in the 
rocket, the spectrometer tube will be 
evacuated and sealed; when the rocket 
has reached maximum altitude, an 
arm of the tube will be broken open 
to the rarefied air. The relative den- 
sities of atmospheric components will 
then be telemetered back to the ground 
for recording. 

The nonmagnetic mass spectrometer 
is now being adapted to the rapid scan- 
ning of mass spectra, Present meth- 
ods permit sweeping twice a second 
through the mass range from 10 to 50, 
displaying the measured mass com- 
ponents directly on the screen of a 
cathode-ray oscilloscope. The scan- 
ning is accomplished by sweeping the 
ion accelerating voltage from 50 to 
250 v while modulating the radio-fre- 
quency potential with a 1000-cycle 
signal. eee 
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ALUMINUN, 


SOLVES MANY TOUGH 
PIPING PROBLEMS 


In recent years, aluminum and aluminum 
alloys have grown rapidly in importance as 
piping materials in many industries, includ- 
ing manufacturers of chemicals, foods, soaps 
and cosmetics, petroleums, textiles, exp!o- 
sives, rubber, paints and varnishes. 

There are many reasons for this. Alumi- 
num offers high strength, light weight, 
passivity when in contact with various corro- 
dents,. resistance to corrosion, absence of 
sparking characteristics, and low cost in com- 
parison with other metals that have the same 
inherent qualities. 

For example, in chemical plants, alumi- 
num offers great resistance to corrosion, and 
it is passive to a large number of corrosive 
fluids where other metals tend to catalyze. 
Its corrosion products do not cause discolora- 
tion. This is important where maintenance 
of product color is of primary importance. 

In food plants, aluminum resists the cor- 
rosive action of most food products such as 
acetic and nitric acids, oils, milk, beer, and 
fruit juices. It protects against color contami- 
nation and helps prevent rancidity. 

In the petroleum industry, aluminum 
piping resists the corrosive action of hydrogen 
sulfide, sour crude oils, mineral oils and 
liquid fuels. 

Aluminum piping materials are available 
in a variety of alloys including 2S, 3S, 61S, 
63S, and Alclad 3S. Each is particularly 
suited for certain applications. And, since 
the physical properties vary with each alloy 
used, individual applications should be 
analyzed carefully to determine the correct 
alloy needed for the job. 

So that every user can realize the advantages 
of all-aluminum piping systems, and also 
have the benefits of greater strength, greater 
safety and permanently leakproof joints 
afforded by welded construction, TUBE- 
TURN Welding Fittings and Flanges can 
be provided in all the alloys listed above. It’s 
the most complete line available to industry. 


TUBE-TURN 
Welding Fittings 
and Flanges of 
wrought aluminum 
and aluminum 
alloys are available 
in many types and 
sizes, and in stand- 
ard and extra heavy 
weights, They are 
now widely used 
in many industries. 


FREE BOOKLET 


Write today for your free 
copy of the booklet ‘“‘TUBE- 
TURN Aluminum Welding 
Fittings and Flanges.” It 
contains information on every 
item in the line, as well as 
valuable data about the 
welding of aluminum piping. 
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Research in the Petroleum Industry’ 


P 092. 


Oil companies have been highly successful in creating new products and improving 


old ones while at the same time developing efficient methods that hold costs down. 


Ma. Reeves has explained to you the 
organization and functions of the 
Standard Oil Development Company, 
and Mr. Kune and Dr. Tongberg re- 
viewed several interesting develop- 
ments in the fuels and lubricants 
fields. My purpose is to review more 
broadly a few of the important con- 
tributions of the petroleum industry 
and of the Development Company— 
to petroleum technology, and to men- 
tion some of the developments that 
may be anticipated in the future. 

The oil industry has come a long 
way from the early days when gaso- 
line was practically a by-product of 
the kerosine business, and axle grease 
was one of the most important lubri- 
cants. The automobile and the airplane 
(as we know them today) have been 
made possible because research men 
in the oil industry were able to make 
readily available the proper types of 
liquid fuels and lubricants. And the 
fuels particularly had to be available 
in large quantity at low cost if the 
great mass of our people were to use 
these machines. The petroleum indus- 
try has succeeded in both of these 
tasks. In the past 20 years, the supply 
of gasoline has increased from 337.- 
(00,000 bbl per year in 1928, to 896,- 
000,000 bbl in 1948, while the quality, 
as expressed by octane number, has 
increased from 60 to around 84 on 
regular grade gasoline. For example, 
the modern automotive engine could 
not operate satisfactorily on the 1928 
gasoline. Yet the price, exelusive of 
tax, was little or no greater in 1948 
than it was in 1928, This is a record of 
technological progress that is difficult 
to match. 

The story behind modern gasoline 
well illustrates the accomplishments 
of petroleum research. As you know, 
the efficiency of spark ignition engines 
is largely determined by compression 
ratio. The higher the compression 
ratio, within certain limits, the better 
the performance of the engine. But 

*Presented at a meeting of the Department 
of Standards and Tests and the Department of 


Manufacture of the National Petroleum Asso- 


ciation at the Esso Research Center, June 2, 
1949, 


TtEsso Laboratories, Standard Oil Develop- ~- 


ment Company. 
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higher compression ratios require 
higher octane-number gasolines for 
satisfactory operation, and much of 
the improvement in automobile en- 
gines has been the combined result of 
the efforts of the motor manufacturers 
to raise the compression ratio, and of 
the fuel manufacturers to develop bet- 
ter gasoline so that higher compression 
ratios could be useful to the general 
public. 

Over the past 20 years, the average 
efficiency of automobile engines has 
increased about 35 per cent. About 
half of this increase has been due to 
increase in compression ratio; the 
other half has been due to various 
other improvements in the engine. 

In the same time, as I said before, 
the quality of motor gasoline, as meas- 
ured by octane ratings, has increased 
for regular grade gasoline from 60 to 
84. This has not been easy. Nature’s 
raw petroleum, as you are all aware, 
actually has only a limited proportion 
of gasoline in it—and very little of 
this is high octane material. We have 
therefore had to improve on nature— 
to find ways to tailor-make gasoline 
far beyond the amount and quality in 
the crude oil. 

The first major move in octane im- 
provement and one in which our com- 
plany played an important part—was 
the development of tetraethyl lead as 
an antiknock additive to gasoline. But 
there are limits to what tetraethyl lead 
will do. It cannot be added indefi- 
nitely. The nature of the base gasoline 
stock is very important—both in qual- 
ity and quantity. To make really good 
gasoline in large amounts, you have to 
begin with good base stock, and then 
make it better. Intensive research was 
necessary to produce the proper base 
stocks in necessary amounts to deliver 
today’s motor fuel. 

Twenty years ago thermal cracking 
was already being practiced for the 
manufacture of gasoline. By cracking, 
gasoline could be produced in amounts 
greater than naturally found in the 
crude oil. Thermal cracking was fol- 
lowed by catalytic cracking, which 
came into the picture about 1937. Cata- 
lytic cracking produced a much higher 
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octane gasoline than could be made 
by thermal cracking alone. Today the 
industry makes close to 40 per cent 
gasoline from crude oil—about twice 
the natural content—and we could 
easily make 80 per cent if the other 
products were not also needed. 

The catalytic cracking process now 


- most widely used is one known as the 


fluid cracking process. The Standard 
Oil Development Company played a 
major part in the creation of this ad- 
vanced method of high octane gaso- 
line manufacture. Fluid catalytic 
cracking, incidentally, supplied the 
major portion of war time aviation 
gasoline. And the basic feature— 
known as the fluidized solids technique 
—has since been recognized as useful 
far beyond oil cracking. It is today 


- under study for application in many 


other industries as a fundamental ad- 
vance in the handling of solid mate- 
rials, 

As we look ahead, we expect that 
the compression ratios of spark-igni- 
tion engines will increase still further. 
and that the oil industry will be called 
upon to provide still higher octane 
gasoline to operate those engines. In 
fact, at least one of the automobile 
manufacturers is quite definitely in a 
position to increase markedly the com- 
pression ratios of its cars, and it is 
likely that other car makers will do 
the same. 

To the automobile user, this change 
will mean better mileage for the same 
performance. An automobile with a 
compression ratio of 10 to 1, for exam- 
ple, should average about 30 per cent 
more miles per gallon than present 6.7 
to 1 engines. 

Of course, a higher octane gasoline 
is required for the 10 to 1 compression 
ratio cars. It may be in the region of 
97 or possibly higher. Petroleum re- 
search has developed the basic proc- 
esses for producing gasoline of such a 
high octane number in large volume. 
Time and huge capital investments are 
required, however, to make such 4 
large improvement in gasoline octane 
number. For this reason, increase 10 
the compression ratio of automotive 
engines must not proceed at too rapid 













a rate. 
steps. 
able Yr 
sion 1 
basica 
ciated 
pany 
gasoll 
the ne 
Sin 
have 
the a 
techn’ 
ment 
differ 
alkyle 
the le 
tane I 
Worl 
the a 
catin; 
obser 
It: 
ther 
the « 
line. 
chan 
made 
as tl 
alon; 
sign! 
Pres 
on p 
gas 
for | 
gasc 
H 
men 
lubr 
beet 
ligh 
ease 
con 
that 
oil 
the 
rea: 
tem 
are 
inc 
ten 
neg 
min 
per 
ent 
for 


hor 
| 


me 








de 
he 
nt 
ce 


ld 


at 
i- 


d 
e 
n 


we Y 


al 


oOo om @O -: 


e 
d 





arate, and should be carried out in 
steps. It is our belief that a reason- 
able rate of increase in the compres- 
sion ratio of automotive engines is 
basically sound. The companies asso- 
ciated with the Standard Oil Com- 
pany (New Jersey) expect to provide 
gasoline that will meet our share of 
the needs of such a program. 

Similarly, the advances in aviation 
have largely been made possible by 
the advances in fuel manufacturing 
techniques. The commercial develop- 
ment of iso-octane, followed by the 
different polymerization techniques, 
alkylation, etc., which made possible 
the large scale availability of 100 oc- 
tane number aviation gasolines during 
World War 2, all provided impetus to 
the amazing developments in recipro- 
cating aviation engines that we have 
observed during the last 15 years. 

It is doubtful, however, if large fur- 
ther improvements will be made in 
the octane number of aviation gaso- 
line. Although undoubtedly some 
changes in reciprocal engines will be 
made, and certain modifications such 
as the compound engines may come 
along, it is improbable that these will 
significantly affect fuel requirements. 
Present aircraft development is largely 
on planes that are propelled by jets or 
gas turbines. The fuel requirements 
for such equipment may be low O.N. 
gasoline, kerosine, or other cuts. 


Hand-in-hand with fuel improve- 
ments have come improvements in 
lubricating oils. These have often 
been overlooked in the glamorous 
light of gasoline improvement. For 
ease of starting under cold weather 
conditions, a motor oil is required 
that has a low viscosity. To obtain low 
oil consumption, on the other hand, 
the lubricating oil used should have a 
reasonably high viscosity at engine 
temperature, These two requirements 
are obviously conflicting because oils 
increase in viscosity with decreasing 
temperature. What is needed.to most 
nearly satisfy both, is an oil with 
minimum viscosity change with tem- 
perature. Twenty years ago we were 
entirely dependent on crude source 
for this important property. Today, 
however, this is no longer the case. 

Perhaps the biggest single develop- 
ment that brought about this change 
was that of solvent extraction proc- 
esses ‘or producing, from a wide vari- 
ely of crude oils, lubricating oils 
having lesser change in viscosity with 
temperature. In addition to improving 
the temperature-viscosity relationship, 
the so.vent extraction process removes 
from tlie crude lubricating oils those 
materials that are responsible to a 
large «: ‘gree for sludge formation, and 
4s a r-sult it is today possible to pro- 
duce :uperior quality lubricating oils 
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from many different crudes. From the 
standpoint of assuring an adequate 
national supply of high quality lubri- 
cating oils, the development of the 
solvent extraction process was of basic 
importance. 

Another and, in some respects, 
equally significant development in lu- 
bricating oil research is the use of 
additives. One of the first of such ad- 
ditives was Paraflow, a material that 
has the effect of reducing the temper- 
ature at which the oil would gel—that 
is, congeal—in cold weather. This ad- 
ditive has been useful in two ways; 
one being to produce oils of very low 
congealing temperature, and the other 





to decrease the cost of wax removal 
where oils of very low congealing 
temperature are not required. 

A number of other additives have 
since been introduced. Some reduce 
the effect of temperature on oil vis- 
cosity, others inhibit the oxidation of 
oils or disperse sludge and reduce var- 
nish formation in the engine. The lat- 
ter types are particularly useful for 
diesel engines and for heavy duty 
service in spark-ignition engines in 
trucks and buses. 

What the future will bring in im- 
proved lubricating oils is difficult to 
say. There are, however, prospects for , 
motor oils that will give still greater 











GRIP-TITE STEARNS— 


PIPE LINE ANCHOR ASSEMBLY 


‘“‘The Only Positive Expanding Anchor’’ 


The Grip-Tite Pipe Line Anchor Assembly with Stearns Pipe Saddle was originated and designed 

especially to meet your demand for positive and permanent hold-downs for all kinds of pipe line 

construction. They are particularly adapted to marsh and overflow lands as weights for your 
: pipe line. 


















Grip-Tite Anchors cost only a fraction of cast 
iron or concrete weights. No heavy equipment 
is needed for their installation. They save 
time, labor and other handling expense. 


PROTECTS PIPE COATING 
Grip-Tite affords protection from heavy 
weight damage during installation. 
An expansion joint pad provides ad- 
ditional protection to pipe coating. 
They are field proved beyond any 
doubt. 


Grip-Tite Earth Anchors are 
being used on most of the . 


Comparative cost charts 
are available upon 


large diameter pipe lines request. 
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Certified Malleable —> 


GRIP-TITE ROCK ANCHORS 


Designed to meet the demand of the industry for perma- 
nent hold-downs in rock terrain for both pipe line and oil 
fild construction. They are also adaptable as hold-downs 
in foundations and may also be used above ground in 
rock terrain in place of Grip-Tite Earth Anchors. Grip-Tite 
Stearns Pipe Line Anchor Assembly may be equipped with 
the Rock Anchor instead of Earth Anchor, for above ground 
pipe line construction in rock terrain. 


They are made of CERTIFIED MALLEABLE and so con- 
structed that when load is applied, expanding forces 
anchor wings against the walls of the hole to effect 
a positive grip at all times. Corrugations on the bearing 
surfaces of the wings prevent any slippage. The standard 
2” size expands to 254” and is equipped with 34” rod; 
3” size expands to 354” and is equipped with 1” or 
1%” rod. Actual tests of 2” size equipped with %/,” rod 
show a breaking strength of 20,000 Ibs. 
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improvement in engine condition and 
that will have such excellent viscosity 
temperature properties as to reduce 
the number of viscosity grades needed 
in any given marketing area. 

As you are well aware, the oil in- 
dustry also produces a large number 
of special oils for various industrial 
uses. These oils are extremely impor- 
tant, even though it some cases their 
volume is not large. Much research 
has been carried out on such special 
oils, As a matter of interest, I would 
like to mention a few examples. 

Hydraulic mechanisms, which are 
increasingly used for power transmis- 


sion of all types, require oils of as 
nearly uniform viscosity over wide 
temperature ranges as possible to 
minimize differences in performance. 
This is particularly true of aircraft 
mechanisms (automatic pilots, turret 
controls, landing gear actuators, and 
the like) and ordnance equipment 
such as fire control instruments and 
recoil mechanisms, where variations 
in actuating time would be very seri- 
ous. Specially compounded petroleum 
oils have been developed that have the 
desired viscosity-temperature charac- 
teristics and these products, contain- 
ing rust and oxidation inhibitors 
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where needed, have an excellent record 
as aviation and ordnance hydraulic 
and recoil fluids. — 

The rapid growth in the use of au. 
tomatic transmissions and torque con. 
verters in automotive equipment 
represents a somewhat parallel devel. 
opment, which should have a siznif.- 
cant influence on the future lubricants 
situation. It has been estimated that 
the requirements for these oils may 
eventually be as great _as 25 pex cent 
of the motor oil requirements. This 
represents a new field about which not 
too much is yet known. However, such 
qualities as VI, stability, freedom from 
foaming, etc. will undoubtedly he im. 
portant considerations. 

Another example is concerned with 
the use of oil for protective coatings, 
particularly to prevent rusting. The 
rusting of iron and steel articles is an 
extremely serious economic problem, 
During the early war years, millions 
of dollars and much time were lost be. 
cause of the rusting of close-tolerance 
aircraft engine parts, even during 
manufacture. Finished engines fre- 
quently became inoperative due to 
rusting, before they could be placed 
in service. Preservative oils contain- 
ing powerful rust inhibiting agents 
were developed to protect parts dur- 
ing processing and shipping. In addi- 
tion, special products were introduced 
that have the property of actually dis- 
placing water or perspiration from 
metal, thereby eliminating “finger 
printing”’, a serious source of machine 
shop rusting. Petroleum rust preven- 
tives are today in widespread use and 
have greatly minimized the corrosion 
problem, an invisible but highly im- 
portant contribution to our over-all 
economy. 

Another example is concerned with 
the textile industry. Wool fibers de- 
teriorate when spun or woven in the 
absence of lubricants. Conventional 
mineral oils cannot be used as lubri- 
cants because they cannot be cleanly 
removed from the cloth by the mild 
scouring methods suitable for use on 
wool. While fatty oils, such as olive 
oil, are quite excellent in all respects, 
their short supply and excessive cost 
are serious disadvantages. Through re- 
search, petroleum oils have been de- 
veloped which not only are readily 
removable from the finished cloth, but 
markedly lower the production cost of 
woolen goods, Again a definite gain 
from petroleum research. 

There can be no doubt that con- 
tinued progress in the field of liquid 
fuels and lubricants for every need 
from jets to sewing machines will 
come out of the industry’s labora- 
tories. But perhaps the most unique 
future developments of petrole:m re- 
search, at least to the chemist. will 
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come in the greatly expanded use of 
troleum as a chemical raw material. 
Over the past decade, really startling 
research results have come about in 
this field, and oil is more and more 
coming to be a basic raw material for 
this country’s rapidly growing syn- 
thetic organic chemical industry. 
’ Petroleum molecules, of course, are 
tomposed largely of carbon and hy- 
drogen, two of nature’s most wide- 
spread building blocks, and research 
findings in the laboratories of both 
the petroleum and chemical industries, 
have developed means of making use 
of petroleum as a convenient and low 
cost source of these elements. 

The original developments in pro- 
ducing chemicals from petroleum 
were concerned with the production of 
alcohols such as isopropyl, butyl, and 
amyl alcohol. The use of petroleum as 
araw material for chemicals has now 
spread widely—among the chemicals 
are ethyl alcohol, ethylene glycol, aro- 
natics such as toluene, various plas- 
tics, rayon and other fibers, fertilizers 
and so on through a long list, reaching 
even into fingernail polish and deo- 
dorants. 

A very new chemical development, 
which was announced only last fall, is 
the commercial production of iso-octy] 
alcohol from petroleum. The first 
plant was at that time placed in oper- 
ation at Esso Standard’s Baton Rouge 
refinery. This new chemical will be 
highly useful, among other things, in 
combination with phthalic anhydride, 
also being made from petroleum, as a 
plasticizer for resins. The basic tech- 
nique that has been developed for 
making iso-octyl alcohol may have ex- 
tensive application to making chem- 
icals required in the manufacture of 
certain synthetic fibers and various 
resins, as well as detergents and many 
other materials. 

One really vital chemical produced 
from petroleum is butadiene, the main 
raw material for synthetic rubber. The 
World War II program, as finally 
worked up by the office of the rubber 
coordinator, involved production of 
65 per cent of the butadiene from pe- 
troleum. Today, essentially all buta- 
diene used for synthetic rubber is pro- 
duced from petroleum, as it is possible 
to furnish the butadiene at a much 
lower cost from this material than 
from the nearest alternative, ethyl or 
grain alcohol. 

Qur research in the rubber field also 
developed an entirely new type of syn- 
thetic rubber known as Butyl. This 
synthetic rubber was widely used dur- 
Ing the war, and is today being used 
for production of inner tubes. It is 
likely that many or all of you here 
ton'zht are using Butyl inner tubes in 
your cars. You may have noticed that 
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you have to put air in your tires much 
less frequently now than before the 
war. This is due to the fact that Butyl 
holds air about 10 times as well as 
natural rubber. 

While the use of petroleum as a 
chemical raw material is rapidly: ex- 
panding—today some five or six times 
as much is so used as before the war 

the total amount is but a minor 
factor of the over-all petroleum sup- 
ply, a little less than 1 per cent of the 
total petroleum and natural gas pro- 
duction. 

The picture of people’s ever expand- 
ing needs for petroleum in one form 
or another raises a question as to ulti- 


mate exhaustion of the resource. The 
oil industry has recognized for a long 
time that, with growing consumption 
of oil products, some day other mate- 
rials than natural crude oil will have 
to be utilized. For more than 20 years 
it has done a great deal of work on 
production of oil products from other 
raw materials such as coal, oil shale 
and natural gas. Last year, for ex- 
ample, it is estimated that more than 
$10,000,000 was spent for such re- 
search. 

During this 20-year period, we of 
the Jersey Standard group alone, have 
spent more than $20,000,000 on such 
problems, approximately half being 
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on the hydrogenation process, |< |. =: 
applied to producing higher yi.Jds ,/ 
light products from crude 01}. and » 
applied to production of oil p>» 
from coal, and half on the c: 

of coal and natural gas to oi! j-o4..-: 
by processes such as the |"\s:!) 
Tropsch process. In addition 
hydrogenation plants were e€ 
a cost of $16,000,000 and ope 
a number of years, 

Work on the Fiseher-Trop ; 
ess was begun just before the > .r, by: 
discontinued under the press * mure 
immediate problems. Since : . »: 
this project has again been ped 
by ourselves and others in th indy: 
try. Some very real impr: * een: 
have been made, and it is sow {e\ 
that a basic process for con: erting 
either coal or natural gas into © | ; 
ucts has been pretty well wo’ 
although there still remains soi 
to be done, particularly on ; 
considerable amount of work i 
been carried out on the conv: f 
oil shale into oil products. 

No one can predict accurat 
it is going to be necessary to ti 
crude oil to other raw mat: : 
augment natural oil supplies.» iv 
the recent high rate of discovery o' 
crude oil, both outside and ins::'c th 
United States, it does not at preset 
look as though it will be necess: \ : 
rely on raw materials other thay. 
oil for a considerable period «! 

But the industry’s research ° 
tories have already given us th. » --- 
sary tools to assure that we will be 
ready to turn to other materials for 
producing oil products when the need 
arises. These materials exist in amounts 
sufficient to carry the nation’s present 
oil needs for a great many years. And 
new sources of energy will surely 
come to use—atomic power, for exam- 
ple, is anticipated within a generation 
—to help carry the burden of supply- 
ing civilization’s over-all energy needs. 


It seems obvious that as far reach- 
ing as have been the past develop- 
ments in the petroleum industry, there 
will be many new and equally impor- 
tant developments in the future. What 
they will be is not exactly predictable, 
although we have tried to indicate 
some of the possible trends in the 
presentation. In any event, we may 
expect that the various research and 
technical organizations in the industry 
will continue along the road of prog: 
ress on which they are already travel- 
ing, and that in accordance with past 
performance they will contribute 
through their developments to ever 1n- 
creasing standards of living for every- 
one. We in the Standard Oil Develop- 
ment Company are looking forward 
optimistically to contributing our — 
to this progress. 7 * 
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